Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



'# 



NEW- 
PHILOSOPHY OF MATTEJ* 

SHOWING 

THE IDENTITY OF ALL THE IMPONDERABLES 

« I 

AND 
t'HX; I1VFL.UE1VCI; 

vrliicli 

In ProdnciiMr 

^ ALL CHEMICAL CHANGES AND ALL MOTION. 

BY GEORGE BREWSTER^ « 

\ 

PUBLISHED BY CROCKER & BREWSTER, BOSf ON 
r AN]? GEORGE BREWSTER, ADRIAN. 

ADRIAN^ ^ 

PRINTED FOR THE AUTHOR, BY 
A. Hr. niADDOCKS. 

1843. 


















- • . ••' ■ 



,»,*... . . • w ' 



635679 A ; 

I a'-:''':r,i-2:nox AND } 
L 

ABtertd, teeordiflg to Aet of Confrou, in the j%u I64s' 

BY GEOROE BBEWSTER, 

fe tlM Clork'i Offiee of tho Dif triet of Michigan 



/ 



TO THE CITIZENS 
or 

THE STATE OF MICHIGAN. 

Thx Subscriber wooJd beg levr« Tery respectftiUjr to inserib*, 
fiar oonsideratioiif heceinafter to be stated, the following pages whiob 
#re the combined result of seyeral years investigation. 

Xo some foreign countries, especially in England, where, b/ die 
peculiar constitution of the goYeminetit, a monied aristocracy is 
. ^created, and where wealth gives its possessor the means to acquire 
' jhigh intellectual attainments, it often happens that authors, who 
Jiaye not the funds and cannot risque the necessary waste of time which 
are required to spread their views upon any particular and impor- 
tant subject, lucidly and intelligibly before the world, are liberally 
aided, both by mpney and influence, in their enterprizesby some genei^ 
;Ooe and noble minded individual of that aristocracy. Without such 
patronage they could never have beep known as authors. Without it 

" Full many a gem of purest ray terene," 
^hich has astonished and delighted and dazzled the world, would 
/forever have lain embedded in the bosom of its native rock, and never 
have sparkled out in the day light. 

Such authors, so situated, have, therefore, as a mark of respect 
and gratitude, and as was very appropriate, dedicated the results of 
their intellectual labor to such benefactors. 

These, however, are not the considerations that have prompted • 
laepectful inscription of the following woric to you, fellow eit^MDf 
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AiDODg yoa there is no moaied aristocracy. To no titled posseiieor 
ef millions GUI on author here look for aid. But to you I dedicate 
it for several other reasons. 

Ist. Because Michigan is my chosen residence, my interests are 
identified in a measure with her prosperity, and I am frank to ack- 
nowledge a peculiar partiality for this young but brilliant star of the 
Union. 

2d. Because this work, such as it be, is a Western work, and the 
defign of its author is, that its pecuniary avails, if any, shall be ap- 
plied to the promotion of Education within this peninsula. 

3d. Because the favorable partiality of some of you, fellow citi- 
zeoa, induced the determination to publish, and to you, therefore, it, 
in a measure, owes its existence. 

Faults it doubtless has — many faults — ^faults in style — faults in 

i^ietorical construction and expression, which doubtless deserve and 

will, without mercy, undergo a caustic dissection and exposure by 

eritics, but still the author thinks he may say, without vanity or 

•gotism, that he believes it coi^tains enough that is new, in theory 

and in fact, to justify its publication, else, he would never have per- 
mitted it to have become the property of the public. 

With these brief reasons, fellow citizens of Michigan, for taking 
the liberty , unasked and without permission, to dedicate to you this 
humblei but sincere attempt to promote knowledge within the bor- 
ders of this beautiful peninsula, I subscribe myself 

Your very devoted 
and humble servant, 

GEO. BREWSTER. 
AoRiAic, March, 1843. 



LECTURE I. 

INTRODUCTOBT TO A SERIES OF LECTIRIS 
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TsLt present age is peculi^lj and emphatically distiogoished.— 
An important prophecy is in the very process of fhlfillnient. Ma* 
117 aire ** running to anji fro" an4 knowledge it more rabidly in- 
preasing than at ^y former period of the world. Acceleration 
piArks the progress of every thing. Instead of traveling, as former- 
ly, at the snail likjs pace of three or five miles per hour, we now 
finrt away nppn the wings of steam, nt a rate varying trom fifteen to 
fifrtif miles per hour. And the progress of man in science keepi 
pace with his progress in locomotion. This is quite as much ow- 
ing tp the fact that ** many run to and fro/' as to any other fact what«> 
0ver. Individual acquisition i|i science is not so much hoarded as 
formerly. It is rather appioppated as common stock — rather scat- 
tered broad cast over the laod^ 

There is another fact, which greatly accelerates the increase of 
Knowledge. Scholars, at the present day, while following the di- 
rection of their inclination, and obeying the promptings of getilns, 
gonfine their attention, more than formerly, to the thorough inves- 
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tigafion of isolated branches of icieuce, after having glanced, as in 
their collegiate coarse, at the whole routine of general knowledge.— , 
One concentrates every energy of his intellect to the minute exam- 
iafttion of tme subject, another to ajuther, another to another, and 30 
OB. Each investigates that branch, for which his mental habits and 
fefiaa most peculiarly fit him. By such concentratioa, truths and GicU 
in science are discovered, which would never have been diaeorered. 
by roving from branch to branch, and aiming to become what is call. 
ed « awtversc/ gonMs. Thus has light been poured with intense 
radkuie^ upon what was dark, and errors in both theory and practice 
Jhwe been corrected. 

Bat even snch an individual concentration of mind would not 
greatly accelerate the increase of knowledge were not the results of 
snehfjeoncentratioo commonicated. This is done through the medi- 
um .gf oral instroetion as well as printed, for this is emphatically the 
age <^ lectnres. Thus the^Iabor of acquiring and diffusing knowl- 
edge is diyided among a large number, and, by suc^^a division, a 
vajrt pifiltitade of important scientlQc facts are brought forth to light. 
which had laid dormant and undiscovered for ages, and might still 
have remained. dormant and ondiscovered for ages more withont the 
interrentipn of soch agency. 

The prevailing disposition of society is, also, auspicious. There 
if an insatiable thirst for knowledge and novelty, and any one, who 
can administer a palatable beverage to quench that thirst, is favorably 
received, and enjoys generally such a share of patronage, as to re- 
war4>ad stimulate his eiertions. 

Cbnfident that this mental concentration to the investigation of 
isolated branches most effectually promotes the increase of knowl. 
edge, and that such an auspicious disposition prevails throngh intel- 
ligent society, I am induced to offer to the public a course of lectures 
UBpn a particular subject which I have investigated, with the assu- 
red conviction, however, that an author who publishes a book, or a 
Ifetnrer who discourses upon a scientific or any other subject, shoulj 
jl^r9 ftmr prominent obiecti in view 
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1st. iSOM£THINti >'XW. 

2d. SOMEJHING IMPORTANT. 

3d. Something true. 
4 4th. Something intelligible. 
The reasonableness and propriety of each of tliose objoctd will be 
appart^tupon a moments consideration. 

l^K^^JK should be one prominent aim of a writer or lectnrer to 
prodace aomething new, either by the discovery of latent facts, or the 
eorrection of untruths and false theories in science, or the systematic 
classification of facts long known, but long scattered in chaotic and 
useless confusion. For, to lecture or write upon any subject, 
without advancing iiew thoughts, or suggesting something which has 
not already been suggested by authors or by lecturers, seems to be 
'* tp'.eading in the footsteps of our illustrious predecessors" to no yerj 
foaterial advantage ts the world. Thi<>, I am aware, is often done. 
A very considerable number of books, which, year after year, ema> 
nate from the press, and, no small share of the lectures delivered 
upon the sciences, are nothing more nor less than the repetition of 
old ideas in a new garb to prevent the petty plagiarism from being 
too barefaced, and that garb too oftentimes made less elegant and 
less attractive than the original. Something higher tlian this should 
be the aim of a lecturer. No bold, independent and vigorous think- 
er — none but {l mere intellectual parrot, would stoop to such servile 
imitation of others, when before him lies, spread out iu endless per- 
spective, a vast, unexplored,. immeasurable wilderness of knowl- 
edge, which would give scope for ages upon ages, yea for eternity 
itself, to the untamed epergiea of the most powerful intellect that 
men or angels over saw. 

But it must be acknowledged, that the fortune of him, who has thus 
forsake^ th^ beateq path of generations, and has aimed at origintdUy, 
has aot oflen been an enviable one. Such an one has frequent- 
ly ascertained, by bitter experience, how hard it was to " climb the 
steep, where fames proud temple shines afar:" He has often found 
^t the untrodden course, which he has marked out for himself, b.^a 
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been any thing but a flowery path. Briars and thorn a have grow^ 
thickly theie. lu it he has encountered the chilling blasts of poYer-. 
ty— the discouraging dissuasions of friends— oftentimes a conceutra: 
■ted and malicious chorus of serpent hisses from enemies, and hu 
been pointed at with the finger of scorn, as a poor, crazy enthusi- 
ast, or a visionary builder of air castles. This conclusion wiU 
be irresistibly forced upon the mind of any one, who carefhUjr con- 
Bulls the records of the past. When the celebrated William Wirt 
remarked, with regard to the perils of innovation, *' Woe betide tiu 
hand that plucks the tcizzard beard of hoary error,'' — ^he was doubtless 
Rooking at the history of by gone time. Men used to regard the 
jlightest encroachment upon e8ta})lished laws in politieSf reU- 
gum and science, how glaringly erroneous soever those laws might 
|iave been, as reckless and wicked fool hardiness. Facts in abun- 
dance prove this. A Columbus, a Newton and a Fulton might pro- 
fnnlgate new theories of the utmost importance and sustain andde* 
fend th.em with argument piled upon argument mountain high-— 
with argument upon argu^ient, too, the most rational, conchtBive 
and convincipg, aud they would invariably fail for a long time to 
ponvince. Prejudice, like an ancient mail coat of steel, enclosed 
the mind, and warded off the shafts of conviction. Many men and 
even men reputed to be scientific, would obstinately persist in 
scepticism, until hi^XvL^Wy forced to believp, \^y the commm muss and 
the common opiQio^ of the wqrld arguQd them--*until the truth 
of rejected theories would blaze upon that scepticism with sucl 
overpowering intensity as to consume it, and make those, wh' 
harbored it, either ashamed of their extreme dullness of apprehei- 
sion, or else of their dogged obstinacy. 

The days of such prejudice and scepticism are, however, evi 
dentlj j)as8ing away. It is trpe that men are cautious how the^ 
give a reacjy credence to novelties i;i theory or in practice, but, as 
a general thing, perhaps not too cautious. A certainwatchfulness 
is doubtless necessary for the safeguard of the bulwarks of truth 
from eacriJigious and ruthless innovation. But further than this. 
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incredulity at the present day scarcely goea. So rapid, so surpri- 
zingandflo succetiiful have been and are still the improvements and 
discoveries of the age, that puzzled scepticism stands confuunded 
and amazed, hot knowing what to say or scarcely what to think. A 
very great ehange has come over the opinions and feelings' rftlie 
vrorld. Theories in science may now be promilgated, which diu- 
eredit all preconceived sentiments upon the subject at isfcusc, ami 
explode them, and still they will receive a candid and respectful 
hearing from an intelligent community — and if they happen to be 
supported by even the plausibility of argument, that thinking com- 
mnnity will not reject, even if it do not embrace them. There will 
only be a suspension of judgment for more light. TJiis is vsisdom.— 
By snch a course of policy, truth in science is sure to triumph and 
error to be overthrown aifd discredited, however subtlely interwo- 
ven with the maxims and policies of society and however suppor- 
ted by the authority of great names. 

2d. It should be another prominent object of an author or lectur- 
er to suggest some^ing important. For, it should ever be kept in 
recoll9CtH>Q» that " all is not gold tliat shines,'* and* tliat, although 
** variety is the spice of life," yet, that what is neio is not alwayn 
inqtotttmt or valttaUe Ideas may have originality, and yet, at tlie 
same time, they may be either as simple as the babbling and non- 
sense of mere idiocy, or as unheal as the wildest and most incoher? 
ent ravings of stark madness — the likeness of nothing in the heaven 
above, or in the eaith beneath, or within the whole wide regions of 
sober thought. Matter then, worthy of the attention of intelligent 
fiocienty must not only be novd but important. 

34* Another prominent object of an author or lecturer should bo 
to promulgate something true. For ideas may be both novd and im- 
portant, and yet, if they are incorrect — if they lack the very essential 
support of incontrovertible fact, they are unworthy of credence. — 
Without this , a theory may be both beautiful and grand, but mast b« 
as evanescent as it is beautitful, and as substantial as it is grand. 

The example of Sir Isaac Newton is well worthy of the attention 
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of icholiirs and authors. His discriminating intellect promptlj pfi 
invariably rejected eyery theory and eywy proposition, howtifif 
plausible, which had not the firm and imperishable basis of Ikct tad 
/conclusive demonstration. He jumped at no coociusion, but am 
to it step by step, thrpqgh the path pf clear patient and logical i$t 
nJuction. Away from his presence, he sternly rebulrad every ~4l||||g 
like surmise and conjecture, and gave no audience for a moment la 
any thing, which bore not the characteristic features of scieotiii 
^uth.. In this respect, imitation of him would not be reprehensiUtt 
1% would rather be a mark of wisdom. 

But 4th, to cap the climax, an author or lecturer should aim to 
promulgate sometliing inteUigUfle. This is quite ^as iodispensabiMl 
.any thing else. For thoughts may be novdt &nd important, and haft 
unstamped i^pon then) the characteristioa of immutable truth, tA 
yet, if they be not expressed so a s to be i^telligilde, they niight joit 41 
well not be expressed at all. The professed object of all laogai|||| 
either oral or written is to convey ideas to the minds of thoMJjl 
yrhom it is adressed. But language, which is not understqod, ap* 
eompUshes not the object for which it was invented, or, if it be un- 
derstood by only one tenth, then nine tenths are excluded from its 
benefits, just as much as if they were required to decypher the mean: 
ing of the obsolete Egyptian hyeroglyphics. 

Now if an author or a lecturer have idlsas to communicate, which 
seem to be sufficiently novels important and true to warrant their pro* 
mulgatioQ^ what should he do? Should he adap^ his remarks e:iccl9r 
sively to the taste and the comprehension of the. few, who can em? 
pnatically be called the literati? Should he discourse learnedly in 
that technical phraseology, whi|:h, either from an imagined-cbyenr 
ience, or else from the impulses of pedantic vanity, has bcjen invented 
for the sciences, and which is as little understood by the mass of 
readers, as if those sciences were clothed in the dialect pf one ot the 
dead languages? Should he be ambitious to throw an air of myste- 
rious profundity, and scientific dignity around his remarks, or should 
he he mainly solicitous to be understood by all, and to adapt his 
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kiigQafe to tiie capacitiet 6f all ol moderate attainmentf , either hj .• 
^.roi^og'mUBgeiher the ute of blind and fresh coined technical termi, 
or •!••» bj fhllj explaining those, which the imperious dictate of 
evatom has made necessary and indispensable? There can be bat 
iOM opision upon Uus subject. The universal sentiment would 
do«ilitl<fM be in faror of plainness. Aim' to be understood in- 
stead Of displaying ostentation would be the dictate of common' 
•oaae. This can be done without sacrificing a proper dignity of 
Axpreision or cfindescending either to a vulgar coarseness and rude- 
new of language, or a low and childish puerility of remark. It can 
be done too, without offending the taste even of the most fastidious 
among the scientific, Or fbrfbiting the approbation of those, who 
Combine a commendabici public spirit with extensive acquirements,- 
and who wish to see knowledge widely disseminated among the mass. 

Those four prominent objects, which have been thus considered 
Mparately, and which shouldbe tho^e of every author or lecturer, will 
i|^|jke the landmarks by which I purpose to be guided in a proposed' 
hrtes of lectures upon the imponderable agents of Chemistry. If 
is my purpose that they shall contain, novelty, importance, truth and 
be made if possible, intdUgible. 

Floating through books and periodicals, various indefinite surmis- 
es or conjectures, respecting the subjects which I purpose to discuss, 
are to be found scattered here and there, but all confused. Nothing 
iti ayttematized or affirmed with positive confidence and certainty ^ 
Or flupported with ai proper array of facts and arguments, except in 
a single instance, in that almost unknown, but yet invaluable seien- 
tifie Jewel — Dr. Metcairs "New Theory of Terestrial Magnetism," 
published in 1833, in which he assumes nndproves, by logical demon- 
0tratkte, which eanhot be successfully controverted, that Ctdoric is 
l^SsetfieiQf. Alter having written and lectured uopn this subject lit 
Baltimore and other places in 1838, I was favored by a friend with 
flie perusal Of this work, and was agreeably surprized to find a per- 
ftet eo-incidenee between our views, so far as Calorie \a concerned. 
Hy ratmoqiioiit invi^stifations I have comei to the couclusion that^ nO^ 
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^Mi)y caloric . but that all the other imponderable! are one and t 
Hame agent.— That Electricity, GaWamam, Magnetism, licht,C« 
ric, Gravitation, the Attraction of Cohesion, Capillary Attractions 
(^^hemicttl Attrnction are only different .nodifications of the same 
««ntial principle. 

If this bo true, as I hope, by facts and argumenu to prof-e, tl 
th«)re in an cuiircly new and unexplored field opened before ^le i 
dent in Cheuuatrv and natural Philosophy. By it, many things « 
be exploded a« false* which hare heretofore been taught in the ache 
an toientific Uutlu, aud many things will be systematized and aim 
fi«»d, which have been complicated, confused and unintelligible. 
j*oom«i tu lottd directly to the adoption of this one broad and comj 
hcu«ive propoaitiou— tlio l>asis or substratum of ail knowledge. 

Vhcru art, of the pn>dttCtions ofcrcuiitc potter, thru distinct es$em 
or e«f«]i(ta| principles in the Hmcerse, amdwn Arte, <ntd etery ikimg t 
t9U ttmiJiHiU, ofteMch w titherhcrt or cm kate amif comceptiomi id 
fT it h€ uniniate or iHammat€^pkysical amimol or iMtdUctrntdy emmk 
firred to one or the other of these tkret essemtialpriaeiples, as toUi •« 
tf^timate, pn^per basis or suhstrutmm. 

Tlris proposition, it will be seen, embraces widiin its compid 
sive scope the whole illimitable domain of science, both risibla 
invisible. Sceptics in the republic of letters, or old fashioned b< 
worms, who regard the slightest encroachment upon what they 
have read, as sacrilege, will doubtless call thU j^position swe* 
and chimerical. But sweeping and chimerical, as it may, howf 
•ecm to thun or to others, it is believed, nevertheless, to be caj 
c»f satisfactory and even perfectly concluaive and logical demon 
tion, •» will be shown hereafter. 

Tb« Mines of those three fondamentol principles we wiU 

giTt itt <i^^if natural order, together with a concise definitki 

^ir properties 

TV IfcWt we shall call PonderaiU MatUr, it being the same i 

alef^;k«t. which is used in standard works. By this ten 

%■' i^***" substances of tverv name and form, w hie) 
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tmgible — ^wbioh can be noticed or appreciated by mott of the fem- 
es by which we acquire ideas of external objects— -which are meat* 
curable, and which hare magnitude and weight. 

The properties or (qualities of this first essential principle of the 
oreated universe we consider to be perfect, inertness and inherent 
dormancy, meaning by those terms, that a substance nnder their 
infloenc:} has no activity or disposition to activity in itself— that it 
has therefore no power of changing itself, or of communicating 
Motion to itself, either by component parts, or in the aggregate or 
whole— ihat it would, therefore, remain forever changeless, as 
when left at creation, and fwever unvaried by modification, a cold, 
^nationless mass of mertia or sluggishness, unless operated upon 
oy foreign agencies, sufficiently powerful to overcome that inhere 
^t disposition to remain foiever sluggish and unmoved. 

The second essential principle embra^xjd In our proposition we 
■^1 call Imponderable Matter, it being, also, the same technical 
epiliietby which it Is designated in the text books. By this term I 
^luda £l»ccricity, Galvanism, Magnetism, Light, Heat or Caloric, 
Gravitation, thi Attraction of Cohesion, Capillary Attraction and 
Chemical Attraction. Th^se are all, in their nature, alike intangible. 
That is thsy cannot be handled so as to be examined, like ponderable 
■Qbstances of the first classc They are inappreciable by most of the 
^wnaes, immeasurable and have no perceptible magnitude or weight. 

This imponderable principle is entirely distinct and different from 

ponderable matter, not derivable from it, but perfectly indepen- 

^^tof it, and. yet having such a natural affinity for it, by the ia- 

^^tfble attraction of opposites, which seems to be an immntable 

l^w ofnatore, as to pervade it completely. Not a single particle ol 

ponderable matter is there in creation— not an atom borne on the 

*^tphere-r>not a single mote Abating in the sunbeam, bat what in 

Attended by its appropriate share of the imponderable principle, 

when all the elements axe in equilibrium. 

This wonderful an4 mysterious agent is extremely subtel— C9. 
B 
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gobtle that it U invisible and imperceptible, except wheAcondenitd^ 
into the electric spark, or accumalated by the galvanic battery, or 
poured down upon us in the light of day, or gathered into focal is* 
tensity by the lens or burning glass, or exploded in the thonderbolt 
of the clouds, or collected together into that capacious resefvoir of 
electric fire — the Sun. Elasticitj^ unbounded is one of its charac- 
teristics and its activity is inherent and more restless dian the ocfbaa 
wave, it being always in motion, for, if the ballance of the element! 
be disturbed at all, and there be, any where in creation, a partial 
Tacunm, or an abstraction of the subtle fluid, so far as to make that 
^•ilgot nUniis with regard to surrounding regions, it rushes in with i^ 
rtflistible velocity, and restores that disturbed ballance. Rapidity 
inconceivable characterises its movements. If impeded in the 8]igb^ 
degree in its everlasting career and accumulated and restrained bj 
Impropriate exciting cauMo. it exhibits a fearful energy — mr energy 
perfectly overwhelming, and bursts iia hands with infinitc^ly greater 
ease than did the unshorn Sampson. 

It is that agent, independent of Ponderable matter, at which we 
have already hinted, which pervades it omnipresently, accorditag to- 
certain definite laws, which will hereafler be explained, having a na- 
tural affinity for it, and possessing inherent power sufi^ient to over^ 

eomeits inertia or sluggishness, to work all the chemical changes and" 
produce all the motions in it, whether on the scale of atoms or of 
worlds or of constellations of worlds. It, in fact, seems to be the 
veiy Representative of Deity himself, expressly appointed and com«- 
missioned to produce the multiform and almost'eountless transforma- 
tions of matter— all the chemical changes of decomposition and re- 
composition, which are constantly progressing around ns and thro- 
ughout nature, and, by its inherent energy, and the activity which it' 
imparts, to keep up the motions of the universe of material systems, 
and to invigorate both the animal and vegetable life, in its myriad 
forms, with which those systems are furnished. 

Some materialist may here draw the confident conclusion firom 
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wbat 1 have asserted, that imponderable matter is mmd, tad, fhst ft If 
the <ndy Deity in the universe. No such conclasioiiy however, retttlts 
necessarily from the premises. Instead of favoring the doctrine of 
materialism in the slightest degree, I pledge myself to be prepared 
to show in its proper place in the series of lectures, that, from tki$ 
source, alone, can be drawn the most powerful and convincing argu- 
ments which can possibly be drawn from natare to overthrow that 
doctrine. I am not one of those, who tremble to acknowledge aiL 
undeniable fact, lest that fact should seem, forsooth, to militate againtt 
my creed. The God of nature never would have created an agent, 
>or have established a law, which, wheu discovered, and fully understood, 
would militate against his divinity, or undeify himself in the estima- 
tion of a sound philosopher. We must never deny the evidence of ooi 
eenses, and discredit incontrovertible facts, lest, peradve ature our 
2^ie/ should be overthrown by them, but should endeavor, by ingeil- 
nons and candid investigation, to ascertain how they can be reconeUsd 
teithour belief. 

We now come, naturally, to the t/ii?t2 essential principle of the 
created universe, which we denominate mind. Pure etheriality 
seems to be its constituent property, which term, we think, will cor- 
rectly define its nature, if, in the acknowledged vagueness, looseneM 
iind imperfection of language, all shall attach to it an appropriate 
signification. The intellectls no more a substance ot the emanatioai 
<>f a substance, than thought or a train of thought is substance. As the 
emanations and exhalations, or the minute particles flying off from 
matter are matter also, so mind ie, and, of necessity, iitKSC be, in the 
inherent fitness of things, of the same nature of its exhalations, which 
we know are thought, inteUigenee, moral feeling and volition, proper- 
ties which may be truly said to be something or realities, though there 
J)e no materiality about them. Who, for instance, would affirm that 
M idea is matter? Has it length, breadth and thickness, either per- 
ceptible or imperceptible, as hare all the particles of matter, either * 
•ondereble or imponderable, how minute soever Aev™*^^' t$ 
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Attempt seriou^/ to disprove euch a proposition would be too mneb 
like battling, with Quixotic valiancj, the unsubstantial shadows, 
which chase each other over the landscape. Such an attempt would 
■nfficiently establish a man's claim to the diploma of a confirmed Bei- 
laniite, and would entitle him, beyond all controversy, to a' straight 
jacket, and an introduction to *iie beuevolenthospitalities of a mad- 
house. Such a proposition iis too preposterously absurd for a single 
moments belief. The influence whicti the intellect, or its controling 
power, the will, exerts over the other two fundamental principles of 
creation entirely precludes such a belief. For, as the imponderable 
principle controls the ponderable, so mind controls both the one and 
ib» other. 

The intellect, or will of the carpenter, for instance, controls the 
mnscles of his physical frame, through the actiou of the nervous flu- 
id or animal electricity upon those muscles, and, by the strength and 
motions of his physical frame, so controlled, the edifice is constructed, 
and the grand, the beautiful and the symmetrical in architecture 
ere made to adorn the dome, the temple and the various other fab- 
rications of the mechanic arts. 

The imponderable principle is, also, subject directly to the volition 
of intellect, although it has no guiding will of its own. 

A Franklin, for instance, could extract the subtle fires from the 
etorm-cloud, as it passed over head, with his electrical kite, and con- 
dact the red and crashing bolt, harmless to .the earth by hid lightning 
rod. 

Galvani and hir successors could extract the same fiery fluid from 
a certain association of zinc, copper and the acids, in a stream strong 
euoogh to burn iron like tinder. 

So we have seen that there are three created principles in the nni- 
▼erse, each entirely diverse from the others, the first being under the 
Control of the second, and both the first and second under the contro' 
•of the third, as will be conclusively demonstrated, in tknt part of the 
ibllowing lectures, in which the Philosophy of Animal Magnetigm 
will be investigated. 
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Tliera is, in the universe, still another Principle,— if it be right to 
call the same a principle — ^which I have not included in my classifica- 
tion, because it comes not within the list of created substances. Its 
attributes are Omniscience, Omnipresence, Omnipotence and Eterni- 
tjy as they mudt, of necessity be, in the very inherent nature anil 
fitness of things, if uncreated or self exi stent, for an uncreated agent 
could not possibly be ptherwise than infinite. 

This seif-existent, eternal principle we call Deity. Beyond Him 
we hold that there can be nothing either created or uncreated, finite or 
infinite. He embraces and controls and pervades and governs eveiy 
thing. As electricity governs inert matter, and created mind governs 
both, in a certain sense, so this fourth mysterious, incomprehensible, 
all pervading Essence gives immutable, irresistible laws to the whole 
three in an unlimited sense, and does precisely what he icilU through- 
out the whole Ulimitable vastness of both duration and space. 

In proof of the positions, which I have, in a measure, assumed, 
without having defended them with illustration and argument in th% 
present lecttire, the following work will consist ofihirieen.leetwre8m9m, 
in which it will be my object to investigate minutely the properties, 
laws and peculiar agencies .of the three essential principles of crea- 
tion^ together with an occasional allusion to the uncreated Fourth, 
or the Supreme Architect. And I design, also, as defllnitely as pos- 
sible, to show tlie relationship, which exists between those three es- 
sential principles. 

The first subject of investigation will be common electricity. I shall 
fhow how it was discovered, what are the immutable laws by which it 
if ever governed, and what are the manifold and powerful agencies 
or influences, which it exerts over matter, in the production of aM 
chemical changes and all chemical analysis. 

I shall then investigate, in their appropriate order, the other im- 
ponderables, viz: Giilvanism, Magnetism, Light, Heat «r Caloric, 
firavitation, the Attraction of Cohesion, Capillary Attraction, Chem 
ical Attraction and Animal MagneUsm, and show that they are gov- 
^i«Bd by precisely the game laws as common Electricity, *l«* ^^ exert 
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tbft self •ante inflaeziceB ov^r inert matter, and tbat thej aiOttheraibrer 
thft fame individual agent, though knowu by a variety of namei, aod 
exhibited under a variety of modifications. 

During the course of this investigation,! shall endeavor to^ow, 
that the 6uu is the grand reservoir of electricity—the great galvanic 
l^tt ffr y of the solar system — that its influence over the planets it 
eUctric — that their motions, both diurnal and annual are produced by 
that influence, in accordance with those electrical laws of attraction 
and repulsion, which can be tested in the laboratory upon little j)ith 
hftll»"that iho Attraction of *Gruvltation, a|. well as that of Cohd* 
jioOi is caused by the light and Caloric of the Sun, in their opera- 
tion upon the material of ihc earth, in consti;uiiDg it a magnet— that 
tttiretftriul Magnetism and the north aud souih polarity of Uie earth, 
which attract and guide the needle of the murmers compass, are pro* 
4uced by the same cause ; that the reason why the necdie points to the 
north aud south, rather than to the cast and west, is because electri- 
city, it ia now well known, influences and guides it» and because 
those streams of Caloric or solar heat, which, in obedience to an im-' 
mutable law of nature, run continually irom the equatorial re- 
gions to the point of greatest cold in the polar regions is tkut same 
tkctrkitif — that that point of majtimum cold is proven, by the obser- 
vations of navigators, in their voyages of exploration in the high 
latitudes of the Arctic and AnUirctic seas, to be the magnetic pole of 
the earth both north and south, which varies from the geographic 
pole, in some seasons, flitcen degrees or more — that the Aurora Bo- 
xealis and Aurora Australis, or JN'orthern and Southern Lights, 
stream up from these points of greatest cold, or the magnetic poles 
of the earth, and are, therefore, the electricity or Caloric, that runs 
continually from the equator to those magnetic poles, and there 
panes outward and upward, into the rarer regions of the atmos- 
phere in its circuit, and forms precisely the same lambent, nebulous, 
waving appearance, which electricity eihibits, when passing through 
an •Jthansted glass tube, or any other exhausted medium. 
J.fh«ll tndaavor, also, to demonstrate, by conclusive proof, that it 
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IS the Yivifymg principb of both animal and vegetable life, and, ae 
far as possible, in a science as abstruse as this, tu show how it ope- 
rates—that it id the active cti^cient <ig«utof both the decomposition and 
the recompositioo of the organic structure of men and animaln, wbksb 
is continually goiug on — tliat its application in caseu of disease, by 
those, who understand thoroughly its laws and chemical agencies, is 
of iuvuJuabie consequence, whecher it be by macliiuury, or by animal 
magnetism, and that by its scieuiitic and prosier application, it can 
be made to cure Epilepsies, Apoplexies, Fulsies, lUieumatism, Fe^ 
-vex and Ague, and, ind|^, almost every other disease tiiat "flesh 
is heir tu," except old age, uud both houj and why, in most ca-^es, it 
can be dune— thut it cuu be done by kuowii and tested chemical 
agencies, in strict accordance wituimmatabie chemical law. 

And, hnally, 1 will endeavor to show what iiiilucuce mind hasoTV 
this subtle agent, in producing the motions of tiie human body, and 
wherein that influence is diflerent from the choice or instinct, which 
controls the motions of brutes, by which I shall prove that Animal 
Magnetism, so far from being a '* miserable humlmg/ is a sublime 
science^ which can be sustained by as many iucontestible proofs as 
any science under heaven — proofs too, which, if any man would se- 
riously doubt, he must flrst, doubt the evidence of his own ^ensegf 
or nis own personal identity. 

I shall, also, show, that Animal Magnetism, so far from having a 
tendency, as some suppose, to bring the trutlis of our holy religion 
into disrepute and discredit, lends 4 most etiicieut and powerful aid 
to sustain them, and, rightly considered, must load every candid 
mind to the conclusion, that we are, in truth, ''fcarfuUy and iconder- 
fully made.** 

In the discussion of those subjects, it will be perceived, by a pe- 
rusal of the following pages, that I have, in many parts, adopted the 
argumentative style, based upon a few choice facts, selected from a 
mass, that might have been collocated and inserted, and that, in some 
places, the thread of argumentatioc, is drawn out somewhat attenfi- 
at«d. 
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Thii has been done purposely f from the fact that I was -aware that 
manj, and indued almost all of the most important poeitionB taken, 
were novdf and needed, of consequence, to he defended at eveiy ap* 
parently assailable point, from the attacks of prejudice. 

AAer having spread these views, however, before the public, in 
ihis manner, it is my intention, when the novelty of the theory shall 
^ve worn off, and critics shall have exhausted their quiver, and fired 
,at It their last shaft, and it shall, perhaps, have gained here and there 
a solitary advocate, to prepare, out of the substance of the materials 
^ere furnished, a class book for schools, adj^pted to the present in. 
■proved state of Chemistry and Philosophy. 

For the instruction and particular benefit of those readers, win 
may not be perfectly familiar with the subject of Chemistry-) and 
with the signification of tho se technical terms and phrases, which are 
somewhat uncommon, hut whose use custom has madein a measure 
indispensable, I intend to collocate such uncommon words, terms 
and phrases, in a vocabulary at the close of the volmne, and give a 
.concise and minute definition of each. To that dictionary we wonljp, 
.therefore, refer the reader. Cor the meaning of all wordsj which orl 
^ot in common use. 



LfiOTITRE n. 

SUBJECT— COMMON ElECTRICITI. 



The subject of the present lecture is common Electricity. I dijtm- 
gaish it by the epithet of ** cqmmojif'^ not becauf>e there is any egiex. 
tial difference between it and Galvanism or its other modiflcationf* 
but because the phenomena, which we shall investigate in the pre- 
Bent lecture, are those, which have been the longest and the most 
universaJly known, and, with the manife:»tations of which, all are mor» 
or less familiar. 

This subject we intend to examine critical!/ and very minutely* 
for, upon it is based an important science, and, in order to under, 
stand that science thoroughly, we must thoroughly investigate its 
elementary principles. By the unerring test of experiment, we 
shall, upon a small scale, within the immediate purview of the senses, 
determine the laws and the agencies, by which it is ever governed. 
Having ascertained these, with satisfactory certainty, they will ser^'o 
the valuable purpose o f a chart, a compass and a pilot, as it were, 
apon the broad and interminable ocean of investigation, far from ihc 
sight of land. Yes, with these valuable auxiliaiies, we dan enter tho 
vast laboratory of nature, and show how, upon alarge scale, the plan- 
eU are wheeled upon their axis, and impelled in their mystic dancd 
around the Sun, by the selfsame force that attracU and repck pith 
balls. For no one will dispute the fact, that the aggregate or wholo 
is governed by the very same laws and agencies, by which the indL 
vidual parts and parucles of that whole are governed. This propo- 
silion will be found to be unerrmgly true, apply it u>berc you may, 
and as iaUMntidy as you may. The law, by which an atom gravitate.. 
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or several atoms cohere or cling together, is the law preciaeljbj whidi 
woridd gravitate emd cohere. The laws, hj which a drop of water if 
held in a globulous state, are the same precisely, which hold the 
ocean together, l^re is no deception in nature. She is no 
coquette. She speaks the language of uniformity and consisteocj 
throughout her wide dominions, and you will never find her conduct, at 
/one time, or in one respect, at variance with her conduct in another. 
Having ascertained a fact or law in physics, beyond the possibility of 
mistake or the shadow of a doubt, other facts and other laws, bear- 
ing a relation to the same tliiug, will, when discovered, umformlj 
.and universally sustain the first fact or Jaw. Tlii^ admirable certain- 
ty and uniformity in the operations of nature enables ostronomen 
to foretell eclipses for years before their occurrence with confidence, 
and to the definiteness of a single moment, to predict the transits of 
Venus, and give almost the precise data, even, for the flight and re* 
«turn of the eccentric comet. 

Electricity was first detected or discovered in a substance called 
in English, amber, which substance in the original Greek was called 
electron from which the term electricity is derived. This 'Word electron 
is also derived from clectore, another Greek word, which signifies, 
the beaming Swn, and, if it does not indicate that the ancients supposed 
the Sun to be the fountain of this subtle fluid, it, at least develops a 
remarkable accidental coincidence. 

Thales, a celebrated Grecian of the city of Miletus in Ionia, who 
lived 600 years before the Christian era, and who was the contempo- 
rary of Pythagoras, is reputed to be the discoverer of this remarka- 
ble property of amber. He ascertained, probably by accident, that 
when rubbed, it acquirec^ the power of attracting to itself certain light 
bodies in its immediate vicinity. For the want of amber, the stii<* 
ident can i llustrate the phenomenon with a stick ol sealing wax. 

Familiarity withfact^ should never be suffered to lesson their interest, 
nor should we overlook the simplest truths, for, a thorough knowledge 
/>f those simplest truths, ofter leads to the discovery of the grandest 
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and most sublime, while he (h^t despises the day ofsniBll things/' 

will, probably, never live to see the -day of large things. The 

most magnificent results oflen thus originate. The dim dawning 

of the morning precedes the blaze of the meridian. The diminutive 

acorn springs up and becomes an oak, monarch of the forest. The 

majestic Amazon first issues as a little riil on the eastern declivity of 

the Andes. A neglected spark kindles a conflagration and millions 

of wealth are lost in ashes. So with a thousand other facts. The«r 

origin is simple but their results are grand. 

As the sealing wax before being rubbed is passed over little bits of 
paper prepared for the purpose, they are perfectly qui<escent. Both- 
are in a state of natural equilibrium or ballance. Having excitecF 
it however, by friction, it immediately exhibits a singular powerunT 
known to it before. In this little experiment, trifling and simpG^ar 
vt may appear, there are treasured up volumes of wonder and in> 
scrutable mystery, enough to puzzle for ages, the clear sighted 
penetration of a Newton hinifielf. What is it that first diflTuses over 
those bits of paper, 'a tremulous quiver? then sets themuprighf 
as if alive, and then makes them leap up, as if either in aflection or in^ 
anger, to the cause of their momentary animation. Echo only an- 
swers — "what is it?" The chemist is puzzled and silent, the book^ 
answer not, and no one can tell. The influence of the charmed 
sealing wax over those bits of paper is beyond the comprehension of 
the most gigantic intellect. All that can be known is that it is Elec- 
tricity t and' that its operations are guided by certain fixed and immuta- 
ble laws. ^ff 

No wonder Thales stood in astonishment, when he made the dis- 
covery. No wonder he thought the amber animated with a princi- 
ple of vitaility. The emotions of tlie mind, when a grand fundamen- 
tal or elem"eniary truth first breaks upon it, are unuterable, and can- 
not be apprehended by the dull phlegmatic, who always plods along 
in the beaten path of his grand fatliers. Such emotions often find 
vent in exclamations, similar to those of Archimides in Greek, wheir- 
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he had discovered the solution of a difficult problem, upon which he 
had been long and intensely studying. In extacy he exclaimed— 
'* wreka-^turckd" — " / hate found it — Ihavefoitnd it/^ 

Before proceeding, it may be proper to remark, that Tbales wm 
no ordinary man. *' Like most of tlie ancient Grecian sages, he tra?- 
eled into Egj'pt, lived in that country several years, contracted 
friendsihips with the priests, then the depositories of science, became 
deeply skilled in all their mysteries and learning^ and, returning to 
his own country deeply stored with the knowledge of the East, he 
ranked as the first of the seven wise men of Greece, and became the 
founder of the Ionic school." Apuleius, an eloquent writer of the 
second centurj', thus speaks of hiin. 

*' Thales, the Milesian, was decidedly the most eminent of the 
seven famous sages ; for he was the first inventor of geometry among 
the Greeks, the most judicious enquirer into the causes or nature of 
things, the most skillful observer of the stars; he made great discov* 
eries by small geometrical lines, in the regulation of times and 
sesFons, the theory of the winds, the course of the stars, the vxmder;. 
derful causes of thunder, the oblique motions of the planets, the revolii* 
tion of the Sun and tlie reason of the increase, decrease and eclipse 
of the Moon." 

From the time cf Thales to that ofTheopIirastus, a disciple of Aril* 
totle, who lived between two oud three centuries after him, no new 
discoveries were made in electricity, which is somewhat snrprizio^ 
since it is no local or occasional agent, but coeval with time, perva- 
ding all substances omnipreseutly, and being the DAipable caase of 
some of the grandest scenes in nature. 

In aworkofTheophrasfts^ entitled in Greek, "Feri Lithone,**bib 
ascribes the same property, which Thales discovered in eUetrom to 
the lapis lyoooiias, the substance now called Tuarmaline. ** It 
posesses," says he, " an attractive power, like amber, and, as they 
tay, attracts not only straws and leaves, but copper also and iron, if 
in smalll particles, " 
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From the period of Theophraitus, no alluiion ii made bj antlion, 
for more than two thousand years, to any but the disco veriei alreadj 
noticed, and, therefore more than twenty three centuries elapsed from 
the observations of Thales, before any material addition waf mad« 
to the stock of electrical knowledge. Since that, for the last tiwo- 
centuries, its accumnlatiors have been vastly more rapid and io^ 
creasingly important. 

In 1600, William Gilbert, physician to King^ames I, in a Latin 
work, entitled **Dc Magnete, magnetesque corporibus, ** g'lYe^ ^demm^- 
tion, towards its close, of a great variety of electrical ezperimeatf^ 
entirely new. 

A fresh impulse appears to have been given, during (bit ceiitiir|r, 
to the study of electricity, by the discovery of the phenomena of 
magnetism, as it seemed in some respects to possess properties similar 
to the loadstone. 

By his experiments, Dr. Gilbert added largely to the meagre lifll 
of electrical substances. He ascertained that Diamonds, Saphorf, 
Carbuncles, Iris, Opals, Amethysts, Beryl, Crystal, Bristol StoiMi, 
Sulphur, Mastick, Hard Wax, Hard Rosm, Arsenic, SaUGemSf 
Rock-Alum, common Glass, and Stibium, or Glass of Antimony r 
have the power, when excited, to attract light bodies, and thai tkia 
influence is not only exerted over leaves and straw, but, indoecl^ 
over all matter, which is not extremely rare. He also aacortaiBed^ 
that friction was necessary to produce electrical phenomena, that it 
was most potential when light and quick, and that electrics eould bo 
most strongly and permanently excited, whesi the ahrwaadiyaad dw: 
wind north or east. *^^ 

For &e want of amtable apparatus, this philosopher encountore^ 
many obstacles, as did all the rest of the early investigators of tfa* 
science. His experiments were principally .nado with loHg> tirift 
pieces of metal, and other substances freely suspended oa theitceBr. 
C 
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ten, to the extremeties of which, he presented the electrics hehni 
excited. 

Thirty fears after the publication of ** De magneU, mmgneU$fm 
corporibus/' the celebrated Sir Kenehn Digbj, in hie ** Treate 
concerning the nature of bodies,'* expresses the following eingular 
notions respecting the influences of electricity. 

"Attraction," says he, ** is made by an attenuated emanation or a 
continuous effluyium,which, after some distance, retracteth into it- 
■elf, 8J is obsenrable in drops of syrups, oils, &c., which, spun a( 
length, retire to their dimensions. Now these effluTiums, advaacinl^ 
from the body of the electric, in their return, do carry back the bo- 
dies, whereon they have laid hold, within the sphere or circle of tfieir 
continuities; and diese they do not only attract, but, with their ris- 
eouB arms, hold fast a good while after, and, if any shall wonder why 
these effluviums^ issuing forth, impel and protrude not tiie straw be- 
Ibre they can bring it back, it is because the effluvium, passing out 
in a smaller thread and more enlengthened filament, stirreth net the 
bodies interposed, but returning into its original, falls into a closer 
substance and carrieth them back into itself." 

Such fanciful hypotheses may be amusing, and exhibit an in^en- 
tire ideality, but should never be indulged by a philosopher, in 
the form o! positive assertions, unattended by positive proof, as in 
the quotation just made. They advance not triie knowledge, but 
rathevbeeloud and bedim it. 

Tlie learned Mr. Boyle, by his investigations towards the dose of 
the seventeenth century, enlarged the catalogue of electrics some- 
what, and ascertained, by liis experiments, that the eleetricol proper- 
ties of 6odies are increased by wiping and warming them, before &ey 
are nibbed. Bodies of all kinds he supposed were attracted indis- 
criminately, and that this attraction ^ook place in a vacuum as well 
as in the open air. 
To this time philosophers had supposed that electricity posseised^ 
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only «n attractiye power. For Dr. Gilbert, in hit ** De 
magnetesque corporibus/* remarked that magnetiani poaaeMes both 
an a^tractiTc and a repulsive power, but that electricitf poMMea fhm 
latter but not the former. Bojie, however, approached ao far to- 
wards the discoTerj of repulaion, that he remariLed, thatfeatban aad 
other light bodies would cling to his fingers, aAer thejr had b%eii at- 
tracted by electrics. 

Otto Guertcke, who lived contemporary with Mr. Boyle, and who 
is famed for his invention of the air pump, made still further discov- 
eries and improvements. He made use of a sulphur g^obe, whirled 
on an axis much in the same way with our present glass globes. By 
this apparatus he could accumulate a greater amount o! electricity 
than had hitherto been accumulated, and was, therefore, enabled to 
experiment with greater success and certainty than his predecoMOi*. 
To him is due the honor of making the first full and satisfactory dis- 
covery of electric repulsion. '* A body once attracted," saya he, by 
an excited electric, is repelled by it, and not attracted again, until it 
has touched some other body. He kept a feather for a long time imsj 
pended in the air above his sulphur globe, and made also the remark- 
able discovery, that, when repelled by an excited body, it always keepa 
the same face towards that body, as the moon does towards the earth. 

Both Mr. Boyle, and Otto Guericke discovered the electric light, 
simultaneously, the one, as he supposed, in the diamond, and tho 
other in his excited globe. j 

Dr. Wall, about the same time, discovered it in a still more satis- 
factory manner, which I will give in his own words. 

** I found,'' says he, ** upon swiftly drawing a well polished piece 
of amber in the dark, through a piece of woolen cloth, and squeezing 
it pretty hard with my hand a prodigious number of little cracklingf 
were heard, and every one of them produced a flash of light, bi^t 
when the amber was drawn gently and slightly through the cloth, it 
produced only i light,, but no crackling ; but by holding onea fingeir 
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at a Uttle didtance from the amber, a large crackling i« produced, with 
a great flash of light succeeding it, And, what to me is very sur- 
prising, upon its eruption, it strikes the finger very sensibly, where 
•oever applied, with a push or a pufF like wind. This light and 
crackling seems, in some respects, to represent thunder and lightnis;- 

Sir Isaac Newton next made the discovery of a fact, which has of- 
ten been disputed, but which is very necessary in establishing the 
theory which I assume, that both electric attraction and repuIsictQ 
will penetrate through glass. 

Mr. Hawkesby next in chronological order, wrote, in 1709, a trea- 
tise on electricity, in which, he published a variety of new facts with 
regard to attraction and repulsion, and the nature of electric li|;hti 
tupposing it to be phosphoric. Others, who first observed it, at this 
•period, adopted the same opinion. 

About twenty years after, wheu the excitement produced among 
•cbolars, by Newton's wonderful discoveries ill Natural Philosophy, 
bad, in a measure, subsided, Mr. Grey turned his attention to the 
Bubject of electricity, and by him was discovered the distinctionf 
which exists between electrics and non electrics, forming a new eria 
in the history of the science. But as a detailed account of the in. 
tereating experiments, which he made and published in the Philo- 
sophical transactions for 1729, would be altogether to voluminoui 
for the circumscribed limits of the present lecture, I shall simply al- 
lude to the fact, and pass on to the consideration of other impor- 
tant topics end experiments. 

Thus far I have glanced rapidly, and, in as brief a manner as I well 
could, at the history of the rise and progress of this science, and less 
than this I could not well have done, consistent with a thorough eX' 
amination of the subject. And what is the sum of our investigations 
thus far? It is thi?. 

Amber and a great variety of other substances are capable of exhi- 
biting electrical phenomena. Fiiction ia, generally speaking, the 
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cause oftho exhibition of such phenomena. When they are made 
by friction to exhibit those appearances, they are saidljto be electrified 
or electrically excited, and the power of attraction, which thej then 
exhibit over contiguous light bodies is denominated electrical attrac- 
tloa. 

But this is not the only power manifested, or the only influence 
exerted, by this agent, over bodies or in conjunction with their own 
properties. There is a repulsive as well as an attractive force. This 
attraction and repulsion, depend, as will be seen, upon the differ- 
ent electrical states of different bodies. 

For illustration, rub a glass tube. It becomes electrically excited. 
Hold it over little bits of paper. They are attracted towards it 
from some distance, and with considerable force. But you perceive 
that the moment they come in centact, they receive a portion of the 
electricity, which attracted them, and are immediately repelled.^ 
Dropping, however, upon some other substance, they impart to that 
substance a portion of the electricity, which they received from the 
glass and are again attracted towards it, though with less force than 
beibre, because it is less excited than before, having, in the first con* 
tact lost a portion of its superabundant electricity. This alternate 
attraction and repulsion continues, though more and more feebly, 
until the excited substance has lost entirely its electric charge, and 
has returned to its natural state. It then exhibits no attractive pow. 
ers whatever. Contiguous light bodies, however light and easily 
moved, remain perfectly anaffected and quiescent at its approach. 

Another piece of apparatus, by which attraction and repulsion are 
still more forcibly and amusingly illustrated, is what is called the ap- 
paratus for the dancing figures, by which, pieces of j)aper, or images 
cut from paste board, or the pith of elder, are made to dance between 
two plates, by the action and reaction of positive and negative elec- 
tricities. 

Jiow wonderful the agency here exhibited? Who does not 
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cfgj, wbitfe «lecarjC3iT dif^icT* Hftd wme c i Msraif Bade as c^ 
hrtMB Wut "AiiMJm ^m dark i^efi, in^kOiot explmaXMiii, er cfcb m &e 
4qrs «!* SaJ€!3B iTiirlimi:. ii woxud biT« rm^ likrangfaoat the comitij, 
Alt be fasd zeede a lei^^e vt ith liie cri] ene. and he would, is t 
eeoipejuelion fcr his -nisd&iB &Dd -irii, bare sieod a pretty good 
dnace Va get a rosstizig fux a wizzLrd. I^keie is m caae on recoid^ 
■4ii»ctij in point. John F&nsti &n in^enjctos Goman, hj the invaa* 
lim of tfpea, was enabled, during ibe dsrk ages, not onlj to pub- 
luk books mncb futer, but also mncb dteefer than befoie. Tbii 
aawlj diacorered art he kept eecrt-t for a time, and henee oiiginatil 
Iba vaiwnj legend of Dr. Faastus and Ute daH, in which he is np 
j^feated tm calling to his aid unlawful]/ the spirit of da^nees. 

There are manj substances — all tbe metals in particular — ^wbick 
do not aeem to be eapabid of being electncallj excited bj friction. 
Tb* jreasoo, however, is obvious. Thej gire a free peaeage over 
Ihair iurlace to tbe electricity as it is excited, and it ia instantly disi^ 
pfttad without being accumulated in any perceptible quantity. 

I'htse are denominated non-electrics, from the fact that thej are 
A9leapable of being excited like glass and the resins.' The j are 
«Im (UilM conductor, from tbe fact that they readily transmit the subtle 
«(|tO( without accumulation upon their surface. But it is emi§ be- 
4M1M ib^y are good conductors that they happen to be non-electrics. 
I>l tiMW bf wsulated— that is, let them be placed upon some elec- 
4rit 9r ftOOfModuct^r, sach as gUss or gum lac, and thej immediate- 
fy ^$^9mM «j#ctries by friction, or by the communication of thepoai- 
!(?• ah^rge from an electrie machino, and exhibit the same phenom- 
tM M nUm, saaUng wax or any other excited electric. The reason 
Ami Wby VOBM miliBtHucHB are electrics and some non-electrics, is 
iMMNM9«M some substances seem to have a greater power of affinity to 
#0t»m wliat i§ Otfllected upon their surface than others. 

.Tl»« My ofd li?ing persou, for instance, is one of the best con- 
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diictors of electricity, or non-electrics, and jet it can be made a most 
perfect electric by insulation. 

Our observarions thus far, aided by our experiments, have been 
the means of ascertaining these three facts. 

Ist. Bedies electrically excited attract bodies unezcited. 

2d. Two bodies electrically excited, as when one excited body has tm. 
parted a portion of its electricity to an unezcited body mutually repel each 
other. And 

3d. Two ia their natural state have no perceptihle influence upon each 
other f but are perfectly quiescent. 

ft follows, then, as a matter of course, that these three facts lay the 
foundation ftfr three distinct propositions. 

1st. Opposite electrical states attract. 

2d. Similar electrical states repd. And 

:3d. When bodies are in their natural state, they are in a perfect eqtii- 
iihrium or a ballance, exerting neither an attractive nor a repulsive in- 
Jluence, 

The question here naturally suggests itself— What are those two 
opposite electrical states, spoken of in the first proposition? Are 
diey two distinct electrical fluids, or only one? I here use the term 
fluids, not because I consider it an appropriate term, for I cannot con- 
jstWe ttat the word fluidity, in its general acceptation, conveys a 
eorrect idea of the movement of electricity, but I use it simply in ae- 
.eomodation to the inappropriate phraseology of those standard 
OMTOrkVy from the theories of which I am obliged to dissent. Are the 
>i>pj^OBite electrical states, I say then, two distinct fluids, speaking in 
Hbp liBgnage of the books, or only one? Eminent philosophers have 
been divided upon this point. While Du Fay, Symmer, Coulomb, 
Toroer, ThompeoiiAnd others believed that there are two, with op- 
posite inherent natures, Dr. Franklin,^pinus, and Cavendish, with 
tome modification of each others views^ maiotaii^ed as positively 
Ihat there is but one. 
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I will first slate briefly the peculiar views of these two classes of 
celebrated opponents, examine verj minutelj their argument*, show 
how far I agree with them, wherein I differ, and the reasons wkidi 
compel me to differ. My object in thus minutely investigating those 
two theories and in attempting to ascertain the truth in the case, it 
io lay broadly and permanently, upon the immoveable and imperish* 
id)le basis of fact and argument, the foundation of that system of phi- 
losophy, the superstructure of which will be built up in future lee 
tures. An error or a doubt or an uncertainty here, will beof serimu 
-detriment throughout the whole series, for my theory most stand or 
fall by the stability or instability of the foundation which I here jay. 
'The theorists, who maintained the existence of two flaids, gavs 
their supposed opposite electricities the names ofi^eous and rem- 
ous. They called the one vitreous because developed as they sap* 
posed in glass, the word being derived from a Latin term which de- 
notes glass, and other resinous, because developed, as they sup- 
posed, in sealing wax. Gum Lac and the other resins, and those two 
were suppossed by them to possess properties entirely and inherent- 
ly diffcront from each other, each attractive to its opposite, and re- 
pellent to itself. Upon this hypothesis they attempted to explain tfas 
reason why an excited body attracts an unexcited body, and why 
like amounts of like electricities, either vitreous or resinous, matO' 
ably repel each other. 

But, as I shall be under the'necessity, with my views of the sa(b- 
Ject, to differ entirely from their hypothesis, I will let thein first 
speak in full for themselves, and then endeavor to show wherein 
thot hypotliesls .clashes with fact. And.that there may be no injustice 
done to those theorists, I will quote the language of one of their 
>niost learned and eminent champions. Dr. Turner, in his ** Elements 
of Chemistry" on pages 72and 73 thus speaks. 

''iOji comparing the electric properties manifested by glass and seaU 
ing-wax when both are rubbed by a wollen or silk cloth, they will he 
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roixziid essentially different ; and hence it is inferred Uiat there are 
two kindd or states of electricity, one termed vitreous, because de- 
Teloj)ed. on glass, and the other resinous electricity, from being first 
n(»^ced on resinous substances. These two kinds of electricity, one 
or other of which is possessed by every electrified substance, are al- 
so termed positive and negative, the terms vitreous and positive being 
u*e(l synonymously, as are resinous and negative. The mode of 
distinguishing between positive and negative electricity is founded 
0^ the circumstance, that if two electrified substances are both posi- 
livo or both negative, they are invariably disposed to recede from 
*a.ch other, that is, to exhibit electric repulsion ;but if one be posi- 
tive, and the other negative, their mutual action is as constantly at- 
^'^ctive. The end of a silk thread, after contact with an electrified 
•ttcli of sealing-wax, is repelled by the wax, because both are in tno 
■•►nae electric state; but if a dry warm wine-glass be rubbed with cloth 
®' silk, and then presented to the the thread, attraction will ensue. A 
"Ik thread, in a&noion electric state, thus indicates the kind of elec- 
*''*<^ty possessed by other substances ; a convenient mode of doing 
*^*«» is to draw a thread of white silk rapidly through a fold of course 
"''Own paper previously warmed, by which means its whole length 
^"1 be rendered positive. 

When two substances are rubbed together so as to electrify one 
°f them, the otlier, if iu a state to retain electricity, will be excited 
^^^* one being always negative and the other positive. It is easy 
^^e satisfied of this by very simple experiments. Rub a stick of 
■calUjg.^ax on warm coarse brown paper, and the paper will be 
found to repel a positively excited tliread of silk, while the wax will 
^ttnictit; if a warm wine-glass be rubbed on the brown vpaper, the 
glass will be positive, as shown by its repelling the positive thread, 
"^^W^ the same thread will be attracted by the negative paper; fric- 
^oa of iealing-wax on a silk riband renders the ribiud positive, but 
with glass the riband is negative. If two silk rib.md:?, one white anc| 
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the Other black, be made quite warm, placed in contact, and then 
draw quickl^r t^irough the closed fingers, tliey will be found pn sep- 
aration to be highly attractive to each other, the white being positive 
and the black negative . The back of a cat is positive to all substances 
with which it has been tried, and smooth glass is positive to all ex- 
cept the back of a cat. Sealing-wax is negative to all the the sub- 
stances just enumerated, but becomes positive by friction with most 
of the metals. The reader will perceive from these facts that the 
same substance may acquire both kinds of^electricity, becoming posi- 
tive by friction with one body, and negative with another. * * » ♦ 
**.«»»**** "This theory, the fundamental fects of which 
were supplied pai tly by Dufay, -and partly by Symmer, is founded 
on the assumed existence of two electric fluids, which Dufay distin- 
guished by the terms vitreous and resinous electricity. In order to 
account for electric phenomena by this supposition, tlie two fluids 
are assumed to possess the following properties: — They are both 
equally subtile and elastic, universally diffused, and, therefore, pre- 
sent in all bodies, possed^sed of the most perfect fluidity, each highly 
repulsive to .its own particles, and as highly attractive to tliose of the 
opposite kind; these attractive and repulsive forces being exactly 
equal at the same distance, and both varying inversely as the squares 
of the distance varies. Electric quiescence is ascribed to these fluids 
being combined and neutralized with each other; and electric excita- 
tion is the consequence of either fluid being in excess. Their com- 
bination is destroyed by several causes, of which friction is one. — 
The application of these principles is as follows. Two unexcited 
contiguous bodies, a and b, are electrically indifferent to each otlier ; 
for, though each electricity in a repels the electricity of the same 
name in b, attraction to the same extent is exerted between the oppo- 
site electricities, -and no change results. If a and b are rubbed tc- 
gHlher, a portion of the combined electricities in both is decomposers 
and the separated resino:s fluid is transferred to one of them, sup- 
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pose to A, and the Titreous to b, each being electrified to the lame 
de^ee, though oppositely. TheTree particleB of resinous electrici- 
ty in A tend by their repulsion to recede from each other, and would 
quit A altogether, unless their passage were impeded by a non-con- 
ductor: the atmosphere, if dry, cuts off the retreat, and by its pres- 
sure confines the resinous fluid to the surface of a. The same happens 
to the vitreous fluid on tlie surface of b. But the opposite electrici- 
ties fixed on a and b exert a strong mutual attraction, and may sue? 
ceed fiither in forcing their way across the intervening stratum of 
air, or of actually drawing a and b into contact. In either case the 
free electricities reunite, and the electric equilibrium is restored.^ 
On the contrary, if a and b are similarly electrified, that is, possess 
the same kind of free electricity, the efibrt of the electric fluid to et-' 
cape in opposite directions causes the substances themselves to fly 
asunder, if the repulsive force exceed their weight, and thus producer 
electric repulsion. 

This theory, as commonly stated, takes little or no cognizance of 
any attraction between the electric fluids and other material substan* 
ces. But it would be against all analogy to suppose no such influ- 
ence to exist ; and indeed the supposition of an attractive force acting 
at insensible distances seems necessary to account for the impediment 
caused by non-conductors to the free movement of the electric fluids." 

Dr. Franklin, the celebrated electrician of our own country took 
strong and decided ground against this doctrine. For it, he substi- 
tuted the more simple theory of one fluid, and attempted to account 
for all tlie various phenomena of attraction and repulsion by the dif- 
ferent states, or degrees, or volumes of electricity, which he called 
jiius OT positive and minus or negative. When a body had more than 
its natural share, it was considered to be in a plus or positive stater 
and when it had less than its natural share, it was considered minua 
or negative. Bodies, upon this principle, are positive and negative 
relatively, or positive and negative absolutely. They are positive and 
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Now, from this explanation of llie dirticiilly. wliicli Frankliii 
«oconntered, I dissent altogether. [It destroys virtually that 
'*vis4nertia'* or inaction, which h an essential property of pon- 
derable nftatter, nnd gives to it attributes, which it never possessed. 
That difficulty can be explained in a manner more strictly in accor- 
dance with fact, for the theory of one electric agent, ns maintained !>y 
Franklin, is correct, his doctrine df plus and minus i-» also correct, 
hilt tliere are certain invariafile rcsvU», which depend upon the plus 
and minus of bodies, which will fully explain the dillicuity, which he 
enconntered. We must look, not to the simple volume or degree^ 
or amount of accumulation itself— not to the simple plus and minus, 
but to the organic laws of the ultimate component particles of electri- 
city, for the solution of the enigma, which so puzzled F'ranklin, 
which laws, however, invariably o\liil)it their operations through the 
medium of a plus and minus, as Franklin supi)osed ; for all the elec- 
trical phenomena depend, after all, upon a plus and minus in bodies. 

Owing to the extent of the present lecture, I am obliged to defer 
to the next the full examination of the two opposing theories, which 
have been stated, and shall show wherein I am under tlie necessity of 
differing from both, by the existence ofa-formidable array of ficts.^od 
the arguments which can be legitimately drawn from them, which facts 
and arguments, in my view, preclude thv possihility of their being cor- 
rect. The theory of two fluids in particular, seems to me so wide 
from the truth,^and so contrary to known and tested laws, that I am 
somewhat surprized that men of such acknowledged talent and in- 
tellectual acumen, as they confessedly are, who advocate them, should 
ever have given them credence or currency. It must, we believe, in 
some cases, have been from the feet that they admitted, without exam- 
ination, upon the mere authority of great names, what they should 
have thoroughly examined for themselves, unbiassed by preconceived 
opinions, and promptly rejected, if ihey found the same unsubstan- 
tiated by fart. It is unsafe either to regard great names a^ infallibl«» 
1) 
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or to indolfe in fancifal philosophical speculations, whie 
loHd and imperishable basis in the stem and sober reality 
Whether that stem and sober reality have ad existence or n 
given case, can be ascertained, in most instances, by experin 
combatting those errors in theory, we shall draw all our co 
from die facts which eiperiment furnishes. 



LECTURE m. 

SUBJECT— COMMON ELECTRICITY. 



As ANNOUNCED iti the former lecture, the present will partake larg^ 
1/ of a controversial character. Yet, we differ with those authors, 
from whose opinions we shall dissent, only because the facts, which 
have been ascertained by ourselves and by others, in the careful ob- 
servations of the laboratory, compel us to differ. And, while we 
thus differ, we entertain the highest respect for the talents and re* 
searches of those eminent scholars. They have thrown great light 
upon many abstruse and difficult subjects, and we are free and hapgy 
to acknowledge the benefit and assistance which we have received 
from their works. 

It is not at all wonderful that there should be diverse and clashing 
opinions upon the subject^ of electricity, and its various phenomena 
and influences, since it is an agent so extremely subtle, and since it 
must be acknowledged that it is not easy to detect, in many instances, 
the *' modus operandi^ ^ of its doings, or the primary cause of some of 
the effects it exhibits. Our lirguments and conclusions will, there- 
fore, be liable to misapprehension and misinterpretation, unless 
great pains be taken to render tliem as clear and lucid as it is possi- 
ble'for language to make them, and, even then, we do not expect to 
escape entirely the common fate of authors, owing to the imperfec- 
tion of the fallible medium through which ideas are'conveyed from 
one mind to another. That we may, therefore, avoid as much as 
possible misapprehension, and that the positions to be examined, as 
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Will as •outruv«rtMil, mny be vividly before the miud of the reaihr, 
we will restate theu briefly, before proceeding in the discussion. 

We shall do it, also, for another important reason. The opinioQi 
adranced in the following pages will be substantiated, or proved bAse- 
less and erroneous, as we estublish or fail to establish oar positions. 
Much, therefore, it will be seen, depends upon a thorough examination 
of the opposing and clashing theories of one and two electric 
agents, and upon tho full and sati:>factory establishment of the one. 
and refutatliou of tlie other, and, for this 'reason, we here define the 
precise positions of tho combat&nts, even at the risque and expense 
of being thought somewhat diifusc and tautological. 

Du Fay, Symmer, Coulomb, Turner and Thompson, promulga- 
ted and defended the theory tliat tlicre are two kinds of electricity, 
or two distinct electrical agents — that one, if I can understand them 
aright, resides inharcnthj in one substance and the other inherently in 
another — t^t each of tliose two agents is mutually repellent to it- 
self, and mutually attractive to its opposite — ^atid that aU the phe- 
nomena of attraction and repulsion amoug bodies are produced by 
the action orngency of these two clectriciiies. 

That it may notbealBrmed by tho advocates of this tlieory, that I 
have misstated their opinions upon this point, when their glaring er- 
roneousness and absurdity shall have been made to appear, or stand 
out prominently to view, even by their oicn sltoicingy and their own 
ieif-contradirtioni, I will giv^ their own language. Thonison thus 
speaks of tliis subject upon (ho i>00lh and 360lh pages of his large 
work on Heat and Electricity. 

"If wo suspend two small piUi ballw, by means of a very slender 
wire from a stick of sealing-wax, antl rub the wax witli dry woollen 
cloth, the two balls will repel each oti»»;r. If wo suspend another 
pith ball by a slender wire fioni a stick of :ieuling-wax, and rub it 
al9o with a dry woollrn clotii. Ihij pah ball, if brought £lo6.e to tho 
Vvr> former, will also l»o irpcllril by them. If we suspend the pith 
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balU by slender wires from drj glass tubes, and rub the tubes with 
dry woollen cloth, the result will be the same — all the pith balls will 
repel each other," 

But if we suspend a small pith ball by a small wire from a glaia 
tube, and another, in a similar manner, from a stick of sealing wax, 
and make the two bulls approach, aAer having rubbed the glaw 
tube^andjLhd stick of sealing-wax, the pith balls, instead of reiieling, 
will attract each oiher." 

Now these facts, which Thomson records, as having beenproTeti 
by experiment, we j^retend not to deny. They are doubtless true. 
But we^ieny, altogether, the conclusions, which he draws from these,' 
as his data or premises. lie thus reasons. 

" Hence it is obvious, that the electricity excited in glas^*' [ii*w 
mark this] "is different from that excited in sealing-wax, since bodies 
having the electricity of glass attract those having the electricity of 
sealing-wax, while bodies haviug each e-ither the electricity of glas4 
4}t sealing-wax repel each other." 

Now it has been affirmed by some of the advocates of the theory of 
two agents, that Thomp.^on did not say, in this passage, or intend to 
say, that gUss produces only one kinrl,- ami sealing-wax only the oth- 
er. But if he does not, by the quotation already made, advance such 
an opinion, I must confess myself utterly incapable of understand, 
ing his language. My intellectual acumen happens not to be sharp 
enough, if that be the case, to perceive his meaning. Let us exam- 
ine and dissect the passage a little, for our object is to get at the 
facts in the case, and elicit truth, and si A it from error. Thomson 
expressly aihrms, without any qualification, that the electricity Of 
glass is different from that of sealing-wax. He does not intimate that 
he considers it to contain any other, . than that which he says is dif- 
ferent. The assumption that he does, for the sake of getting him 
.out of a dilemma, is supplying, by an active imagination, what he 
has not seen fit even to hint at in any of his labored works. Before 
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showing what that dilemiua is. from _which his apolo«;ie>ts would eA 
tricate his theory — before placing in striking cootia^st his palpabi« 
Sflf-comtradictionSf and making him refute himself, scholar as he cer- 
tainly iBf I will quo .e fiom Turner, anotlier of tlie most able defenders 
uf the theory we are opposing, to show that Thomson stands not 
mlone in the advocacy of sucli sentiments. 

He says, on page 72 of his Chemistry, as quoted m a former lec- 
ture, "oncoDipuring the electric properties mauifesled by glass and 
«eallng-wax, when both are rubbed by a woollen or silk cloth, they 
will be found cssentialty ditFerent, ayd hence it is infertd that there 
are two kinds or states of electricity, one termed vitreous' — aud why? 
Mark the answer of Turaer — '* Because develop ed^in glass. Aud the 
other resinous'' — and why? — " Because first noticed in resinous sub- 
stOAces." Now, is tliereihe slightest intimation in liiis stutcuicnt of 
the theory, that glass ever dc\el()ps but one kim', or resinous, sub- 
fttauces either. Does he not rather expressly afllrio that iliey are 
essentialiy different, and if one thing be csscntwlly dilVereut from an. 
other, what logician will insinuate that diey are both alike? 

Now then for the «elf contradictious of the staunchest ami niost 
learned advocate of this palpable error in theory. Let Mr. Thom- 
son be arrayed against Mr. Thomson, and Ictjiim be refuted by his 
own statement of facts. There can be no /w/Vrr system of polemic 
warfare. 

On page 3G1 of Thomson, he has the following language. " If we 
rub dry woollen cloth ngaiusl smooth glas.^, it acquires negative or re- 
sinous electricity: while the glass becomes post tivrJy electrilied. But 
if we rub woollen cloth against rough glass, it acquires positive elec- 
trioitj, while the glass is charged with negative or resinous electri- 
city." 

Now in this quotation Thomson certainly contradicts hiji assertions 
in other parts of his work, if I aui able to decypher the meaning of an 
«Atlu>r. He afHrms in the quotation already dissected and anailyzed, 
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that "the electricity o{ gUtid is different iVoui that of^iealing-iVAx. ami 
in the iucts last quoted, he yroves tha.', with the Raiiie luaterialA auti 
with the same rubher, both the electricities arc developed in glasfi, antl 
that at lea^it one of Its electricities, if it have two, is the same as in 
sealing-wax, instead of being '- esse nt'uiUy different f^' as eUewherc as- 
serted. 

This palpable self contradiction ariaea from tlic (act, that iic lias 
undertaken to defend the fanciful speculations of an active imagina- 
tion, which, as a general thing, passed in hi:* day ti«o much for 
current truth. 

But, some one may say, that, although a palpable contradiction has 
been detected, yet that that should not impair conlkleiKe in tb« 
doctrine of two agents. Such an one may alTirm tliat by rubbing 
glass, one kind of elcciricity may bo drawn Irom it, and that by 
rubbing with the same rubber, glass of another kind of surface, an- 
other kind of electricity may be developed. Although tho bare pro- 
position lo my mind seems most superlatively illogical and ridicu- 
lous, yet I will examine it, because it seems lobe seriously, and 
honestly believed by its advocates. If it bo maintained that there 
are two electric agents or fluids, as they are called, and that they 
have an attraction for each other, and a repulsion for themselves, 
they mu«t, according to the fact/?, which 3Ir. Thomsoa .himself has 
recorded, both reside in glass. Now, if that^be ihc case, and if 
they both, as asserted, have auuilual attraction for each other, why 
should friction call the po:^itlvo current out of smooth glass and 
leave the negative, or why should it call the negative current out of 
rough glass and leave the positive? It may be said by some one, 
perhaps, that it does call both out, but ihat the one current runs to 
the surface of the woollen rubber, while the other accunmlates upon 
tho surface of the glass. But why should they do this ? If there 
be two currents of the kind, we are examining — if they hnve a 
mutual attraction, (or each other, and, if friction calls forth both of 
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them at the »ame time, why should tbev not, b/ the force of that at 
traction, both accumulate upon the sam^? surface 1 And to show- 
»till further, the mere fanciful nature of this theory when brought to 
Ibe teat offset, and of reason, why should a dry woollen rubber ac- 
.cumulate upon itself negative electricity, when rubbed against 
jgmooth glass, and positive electricity when ru^^bed against rtugk 
glass, and why should the f mootb glass acquire positive and the 
.rough negative at the same time- Not one of these questions can 
rbe answered satisfactorily upon the supposition of two lluids.— 
yVe have lo resort to the theory of one fluid to nccount for these 
ihings rationally, though not to the tlicory of one fluid, exactlj 
-as taught in the book«. Positive and negative does not depend 
upon the influence of two electricities inherently diflerent, but up- 
.on the different degrees of the accumulation of a single current. V 
.a substance, by any cause ^ acquires m<nv ihan a certain amount, so 
:a8 to make it plus, with regard lo what may be called its natural 
share, it is positive, but if it have less than a certain amount, go as 
.to make it minus, it is negative, anJ so positive unJ negative relate 
to degree or quantity, and to degree or quantity uhnc. Upon this hy- 
pothesis, the reason why,jn the facts quoted from Thomson, the 
woolleu. became positive in one case,- and the gla'?s negative, and 
why in the other case, the woollen became negative, and the glass 
positive, was simply because the roughest of two substances, when 
rubbed together, if both be non-conductors, will impart its cleclrici- 
.ty to the other, and mike that plus or positive, while it ^becomes 
minus or negative, and ju<t to the extent that the one is positive, 
juit to that extent, is the other negative ; so that the one invariably 
Accumulates precisely wliat the other loses. T.tis late is uniccrsal. 
If one substance loses its electricity , just in that proportion precise- 
^ does tlie other accumulate it. ISot an iota is created by friction. 
lu quiet is only disturbed, and, if it accumulates, it is evident that 
tWeaubstance, from which it is accumulated is so far minus. 
TbU accounts raiionally, and in accordance with that sim])!icity 
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aud ecououiy, vvhicli appears thruughoul iiutnre. lor all the pheooin- 
eua of positive and negative electricity. It is simply aCGumuUtion 
and proportional abstraction. But tho reason why two posiiiTeii 
repe), a positive and negative, and a negative and positive attract 
and why two negatives repel, is much more abstruse. It has, 
for a long time, puzzled philosophers. Franklin, clear headed as he 
was, found himself in a dilemma, and confessed it, when endeavor- 
ing to solve the mystery of the repulsion of two negatives. Nor i« 
the attempt of Epinus to extricate him from tlic difiiculiy, entirely 
satisfactory, altliough I far prefer it, to the iriational and palpable 
contradictions, which cluster thickly around tho theory of two 
electric agents. The opiuious of Franklin, rcconcile<l by Epinus, 
are based upon those tluree propositions, which I stated in a for- 
mer lecture. 

1st. Ponderable matler repeli its own particles. 

3d. Imponderable matter repels its own particles. 

3d. Theyhav€a mutual attraction for each other. 

But this again might seem to convey the idea that ponderable 
matter, by its attraction, exhibits iiiiierent activity, which is contrary 
to fact, for ponderable matter of itself, I hold to be perfectly inert. — 
We must examine further, then, to find.a philosophical solution for 
the enigma. Such a solution I thmki have found. It is no where 
even hinted at in the books. But because it is not, let no one sup- 
pose that I am about to advance a mere fanciful hypothesis, based 
on no solid foundation of fact. My solution of the dilliculty will be 
derived from a law of electricity, which, although it seems to have 
escaped the attention of chemists, can nevertheless, be demonstra- 
ted to exist, as easily and as perfectly, as any problem in Euclid, 
ean be demonstrated. It is this. Every ultimate particle of elec- 
tricity has opposite polarities — that is, each <^nd of eacti individual 
particle has a different property — like ends or polarities repel, and 
unlike ends or polarities attract. This I intend to prove conclusive- 
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lyiby th« aid of that immutable truth, that the lawt of a whoU are th» 
lam$ ofiUptartB, and by the operation of the rule, bo proven, I in- 
tend to show that all the plienomena of attraction and repulsion 
among both atoms and planets, can be rationally accounted for.<^ 
Let us apply the immutable and infalible rule, that the laws of the 
whole arc the laws of its parts, and see whether it will sustain tbb 
opinion we have hazzarded, and fi)r whicti we derive no support 
from the books. 

Electricity and galvaiiis.n are, at the present day, generally con- 
ceded to be the same agent. There is no dispute about that. — 
Now, if you pass a current of galvanism around soft iron, bent into 
the form of a horse-shoe, and wound spirally, with insulated copper 
wire, you make the iron magnetic, and the two ends have different 
polarities. By different polarities, I mean^that, what one end will 
attract the other will repel, or the one is negative and the other is 
positive. But by changing the polos of the battery and passinn^ the 
current of electricity in a different direction around the spiral wire,. 
you change the polarity of tho iron, and uiakft tlio'erid that was pos- 
sitive, negative, and the end that was negative, positive, which can 
be shown, by experiments in electro-magnetism. So then positive 
and negative, in this case, depend upon the direction in' which the 
current runs, for the current runs inward at one end and outward 
at the other The end where the current is inward is always nega 
fi©e, and that, where it is outward is always positirc. And why ia 
this invariably so. There must be a reason for tnis phenomenon. — 
Its solution is readily found in the admirable rule, that the latos of 
th« whole are the laws of its parts. If a purrent of electricity, running 
in a certain direction, makes one end of a bar of iron positive, and the 
other negative, each individual ultimate particle of that curtent 
Mlliel have an agency in producing such a result, and, therefore, 
Mfth individual particle must have a positive and negative end, the 
]fiMiUve end always leading, and the negative, of course, always fol- 
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lowing. We infer this from the fact that tho laws of the whole, ar« 
the laws of its parts, or the laws of its parts are the lawi of the 
whole ; for it would be ntterly impossible that the whole of a thing 
•hould have a quality the opposite of the ;N2r/s of which it is com- 
posed. 

To make our position still more impregnable by fact, and argu- 
ment, let us examine further. If you pass the galvanic current 
around steel spirally, in the same way as it is passed around soA 
iron, you make it permanently magnetic, tlie end, where tlie current 
ts inttard^ is negative, but the end where it is outtcard is positive. So 
it will remain for years. Now you may cut up that bar of steel, 
which is thus made magnetic, into ten thousand pieces and eack-pisu 
will have a positive and negative end, and the positive and negative 
polarities of the pieces will be arranged in tho same direction as i» 
the whole. What, then, is tho unavoidable and logical inference f 
Why, ihAieach ultimate particie of the electricity, that made it mag- 
netic and kept it magnetic, has opposite polarities, as well as the 
whole current; — ^because the polarities of the whole are, most as- 
suredly, made up of the properties of its parts. A mere thimble full 
of the atmosphere, for instance, contains its relative pioportions of ox- 
ygen and nitrogen, as well as the whole mass. A drop of water 
coptains its relative proportions of oxygen and hydrogen, as well as 
the ocean, and so with every thing else. Further confirmation if 
confirmation it needs, will be given to this opinion, when we coffle 
to the subject of polarized light. 

Having by fact, and by argument, attempted to prove that each 
end of the ultimate particles of electricity has opposite polaritiea, 
that the positive end is always presented in the outward current, 
and the negative end, of course, in the inward current, we will now 
apply this theory to the explanation of the phenomena of attraction 
and repulsion. But first, to show that the facts are true, which w# 
have stated, we can prove them by an experiment with two magnets. 
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If. for iiluttntion. two steel mao^Dets. with like powers, be dipped 
into iron filings, until tbey have accumulated as large an amount, as 
ihty can retain upon their poles, and the opposite poles of each be 
then presented within a short distance of each other, the filings will 
spin out. and fill up the space between tliem. and exhibit an oil/, 
ropy appearance. Bnt, if like poles be presented, the filings will be 
blown back, as it were, and stand out like hair around the points (rf 
the magnet. This shows tliat there is attraction in the one case, and 
repulsion in the other. 

Now tlien, for an explanation of the attractions and repnlsioos of 
common electricity by this theoty. A body which is charged plufl or 
positive, has an emanation or an outward current. Such a bodr 
will attract a body charged minus or negative. And why ? Be- 
cause, as we have shown by tlie magnets, tiic outward current of the 
hocly charged plus presents its positive end. But a -body in a mi- 
nus state has an inward current of electricity, which it attntcts from 
eontiguous substances. Of cotrrse the negative end of the ultimate 
particles of this inward current is presented. And what is the con- 
sequence ? Why two bodies, the one having an outward, and tlie 
other an inward current, present opposite polarities to each other, 
and arc attracted from the operation of the imraiitable law, that op- 
posite polarities attract. 

We now come to the solution of that difTiculty. which pcrpFexed 
Dr. Franklin so much — the njpulsion of two negatives. Before the 
application of this rule the difliculty vanishes at ouce. When two 
bodies are minus or have lrs$ than their natural share, the current of 
electricity is inward into both. INow if, while the two currents are 
inward, the bodies in a minus state be brought near each other, tliey 
are repelled, because both currents being inward, the negative end* 
cNTthe ultimate particles of each current arc presented to each other. 
and they arc repelled upon the principle that like polarties repel 
taeh otltrr. Thui ii all attraction and repulsion among material bo- 
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^ies and, of course, all motion produced by the agency of electricity 
^lone, without the intervention or co-operation of inert matter. So 
^t the difficulty, which Dr. Franklin encountered in his theory of 
plus and minus, is obviated without tlie aid of the unpbiiosophical as- 
sttmption of Epiuus and Cavendish, that matter has the property of 
fepelling its own particles. 

But an objection may possibly arise in the mind of some, respec- 
^g the repulsion of two negatives, which I will state in the form 
of a question, and then answer it. If tlie current of electricity b« 
intcard into two bodies, why sliould not the force of the currents 
"fitting in, bring two bodies togeihor? Such a question would be 
asked by an objector, who did not understand fully the relative 
agency of electricity over inert matter. Motion is never produced 
^^ ponderable matter by the mere force of moving currrents of elec- 
tricity. If this w^as the case, our rarlh would have been instanta- 
neougly biStered to atoms by tlic light, which first struck it from the 
^^' The force of the currents is not a moving cause at all. So 
^btle are they, that they niiike no impression of this sort upon 
"tatter. But their attractions and re2)clsions all depend upon an 
organic law of the ultimate particles — upon polarity, and upon that 
<ilone. 

There ere several other facts illustrative of this law. The 
uper end of a lightning rod, for instance, is negative, while the 
lower end is positive. And why ? Because the current is towards 
the earth, and is, tlierefore, inward at the top and outward at 
the bottom. Unless this w^ere tlie case, it would not have a tendency 
to draw electricity from tlic cloulds, but repel it. 

The shovel, tongs, poker or any other metalic rod or substance 
which has stood for some time in an upright position, w^hether in 
the chinmey, corner, or in any other upright . position— whether 
within or without the house— imbibe electric properties, and 
their iwa extremeties always exhibit opposite polarities. This- i» 
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demonstrated by the fact, that one end will draw the nor^ point of 
the needle of the compass, while the other end will drire it. 

As opposite polarities always attract, we find by this experiment, 
that the top of such a metalic rod lis negative, because it attracts the 
positive end of the needle, and the bottom positive, beeaitse it rer 
pels the north point of the needle, opon the principle that like poltr* 
ities repel. 

The longer a metalic rod remains in an upright position, As 
stronger does its electric, or magnetic properties become, until i^ 
has become as'completely saturated with the wondrous agent, as i^ 
6an be. Now the question naturally suggests itself, as to the ex- 
citing cause of this invariable electric, or magnetic property. Whf 
is the top of a metalic bar or rod, which has stood in an upright po* 
sition for a long time, always negative, and its bottom always posi- 
tive, or in other words, why is the stream or electric ioj^Ottlce al* 
ways intcard at the top, and outward at0fi bottom t WHufce doe# 
it come ? From the sun, undoubtedly, in the passage of the raya of 
that electrifying agent to the earth, as we shall show more fully 
when we come to the subject of light. If any chemist can account 
for the phenomenon, more philosophically, we should be pleased to 
have his solution of the problem. 

Having fully and minutely examined the theory of ode, and 
two fluids, and described what we consider to be the true and atdg' 
true cause of all attractions and repulsions in nature, we must now 
in order to render a treatise upon this subject complete, just glance at 
some of the principal benefits, which have been conferred upon the 
world by the investigations of electricians, which investigations 
were some of them made at great personal risque, as will appear in 
tilt sequel. 

The Leyden Jar is an article of electric apparatus, which was in- 
^t^Hd by CunoDUs, Muscheubroeck andJAllamand, at a very early pe^ 
«Wd ofoleetrioal science. But, as it is in common use, in all ez^- 
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l^rkaento, illuatratlTe of thii lubject, and as it ii fullj dewribed in 
tbe text books, we shall just pass with a mere allusion to it. 

After its discovery, and the exhibition of the powerful effects of 
electrical batteries, philosophers could not avoid perceiving the an- 
alogy, which evidently exists between electricity and lightning. — 
This led to intense investigations of the subtle phenomenon of the 
storm cloud. Our sagacious Dr. Franklin led the way. Having 
discovered that pointed rods of ^ the various metals have the power 
of discharging electricity, when presented at some distance from the 
Juiob of the Leyden jar, the" thought occurred to his mind, that at- 
mospherical elefstricity, might, by means of that discovery, be made 
IftMsibU' This thought was communicated to M. D'Abilard, of 
France, and some other electricians of Europe, with the request 
that they would test the correctness of his opinions by Eome exper- 
^ent^ fjm their facilities for procuring suitable apparatus, were sa- 
periomPlf" own. Policing his suggestion, observations were 
eagerly made by several, and his opinions were proven to be well 
ponded. 

{n the mean time, however, and before he had received any ac- 
count of the experiments made in Europe, it occurred to Frauklinf 
that, by means of a common kite, he could have access to the 
boating reservoirs of thunder. Having, therefore, prepared one, 
with a large silk handkerchief, having two cross sticks, he, with no 
(Cjonfident but his son, for fear of the ridicule, which would attend an 
a^saccesstul experiment, walked but into a secluded field at the ap- 
proach of the first thunder storm, and with the help of his eon, raised! t 
into the atmosphere. He waited some time with anxious and breath- 
less expectation. One well charged cloud had passed, and no effect 
upon his kite was perceptible. Just, however, as he began to des- 
pair of success, he notked that some of the loose threads around his 
hempen cord, which had, by this time, become a better conductor 
^^ ^t ^8t, pwin^ to the moisture accumulated upon it, wpul4 
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■tand out, and apparently avoid each otlier. Encouraged by this Cs 
vorable appearance, he presented, though at the risque of hU life, 
bia knuckle to the key, which he had tied to the end of the cord, and 
received a strong spark, attended with a loud snap. * Others more 
brilliant still and iii quick succession followed, and thus was fully 
proven by Franklin, the identity of electricity, and the lightning oi 
tbe clouds. 

This experiment was unconsciously attended with extreme dan- 
ger, as was subsequently proven in the fale of ibe amiable, talented 
and lamented Professor llichman, of St. Pctersburgh. The circurn- 
atonces of his untimely end are thus detailed by Thomson, in his Urge 
work on " Iloat and Electricity, " on pHges 435 — G. 

**IIo had provided himscU with an instrument, which he called an 
•lectrii^ul gnomon, tlio use of which was to measure the strength of 
elttctriciry. It coii:ji\srod of a rod of metal, tcrminntinff^ a small 
glass vessoJ, into which he had (fur vrhat reason does not appear,) 
put some brass filings. At the end of this rod a thread was fastened, 
which hung down by the side of the rod when it was not electrified 
but when it was, it avoided the rod, and stood at a distance from it 
making an angle at the place where is was fastened. To measure 
this angle, ho had the arch of a quadrant fastened to the bottom of 
tbe iron rod. 

He was observing the eflect of the ciccuicity of il:c clouds, at the 
approacli of a thunderstorm, upcui hi.: gnomon, and of course standing 
with his head inclined towards it, uceompanicd by ol. Solokow, (an 
engraver, whom he fi('(pu.Miiiy took witli him to be a joint observer 
of bis electrical experiments, in order to represent them the better 
in bis figures.) when this gentleman, who was tlandlng close to hia 
elbow, observed a globe of blue i\io, as he called it, as big as his fist, 
jump from the rod of the gnomon, towards tlio head of the Professor, 
wbich, at that instant, was about a foot distant from the rod. This 
0a8b killed Mr.Richmunn; but Mr. So!okow could give no account of 
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the particular manner m which he wai immediately affected bj it. — 
Fg^^the aame time tiiat the Profeasor waa atrack, there aroae a 
eoff of ateam, or vapour, which entirely benumi>ed him, and made 
him link down upon the ground ; so that he could not remember 
^ven to haye heard the clap of thunder, which waa Tery loud. 

The globe of fire was attended with a report aa loud as that of a 
piatol. A wire, which brought the electricity to the metal rod waa 
broken to pieces, and its ^fragments thrown upon Mr. Soiokow'a 
clothes. Half of the glass vessel, in which the rod of the gnomon 
atood, was broken off, and the filings of metal that were in it, were 
thrown about the room. The door esse of the room waa split through, 
t^e door torn off, and throwp into the room. The shoe of the Pro- 
ftaaaor'a left foot was burst open, and there was a blue mark on Jlua 
loot at that place. From which it was concluded, that the electrici. 
%y had ^tered by the head, where there were evident marks of in- 
jury, -attfl made its way out again by the leA foot. " 

I cannot resist the inclination to make another quotation, here, 
from the san^e work, respecting the improvement, made about this 
lime, and which rendered experiments with the kite much more safe 
IWid satisfactory, than before. 

"M. de Romaa made the experiment with the kite in a more 
perfect manner, than the first attempt of Dr. Frankliu. He twisted 
a fine iron wire into the cord of the kite. To prevent the observer 
from hemg exposed to danger, the lower extremity 6f the string ter- 
JBiMLtedin a silk 0(Ad, eight or tea feet in length, by means of which 
|he kite with its string was insulated. Instead of drawing sparks 
with the .finger, which makes the observer himself receive the charge, 
bo received them by means of a metalic conductor, connected with 
Ihe ground by a chain, whicH he held ia his hand by means of an in- 
headle, so that it reaembled our common discharger, 
deacribea ib» ^arka given out from the string to this diichar- 
';4e|-darijag a thunder storml in a letter to the Abbe NoUot, in very 
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glowing language. "* Conceive,''' says he, "'Plates of flame. 
nine or ten feet long, and an inch chick, which make as much.i|piile 
at apbtol. In less tlion an hour I had certainly thirty plates of this 
aize, without reckoning a thousand others of seven feet, and below 
that. But what gave me the greatest satisfaction in this new spec 
tael^was, that the greatest of these plates were sponiaueous, nud 
that notwithstanding the abundance of the lire wliicli ihey<;onlained. 
they fell always on tlie nearest conductors This constancy gave me 
so much security, tljat I was not afraid to draw sparks by means o^ 
my conductor, even wheu the thunder storm was at its height, al- 
though the glass handle of that iuitrunient was only two feet in 
length. I conducted where I pleased, without feeling in my hand 
^he smallest commotion, sparks of fire six or seven feet long, with 
the samefacihty as those whoao length* did^not exceed seven or 
e ight inches. ' " 

From tliesc successful experimcats witn the kite, \.\\c practical bon 
efilof lightning rods, for tlie protection of edifices exposed to tl-o 
distructiuu of the scathing element, was suggested to the active mind 
of Franklin, who seemed to be always studying to turn science to 
a profitable account. These were made, by elevating above the 
highest dome, or spire, or tlie chimney of a dwelling, a rod with one 
jor more sharp points, to abstractihe iluid iVoni the surrounJing at- 
mosphere, iu most cases, silcnUy. Down the sides of the edilice, these 
were conducted, and passed into the ground, too considerable depth, 
being fastened to the walls of the building by iron staples, driven iu- 
*o them, with some non-conducting suJ^stance between them and tho 
rod, to prevent the passage of a bolt into the wall, where tlie staple® 
DUtoresl, when tlie rod happened to be struck by a perceptible flash. 

Great improvements have been made, since the invention of 
Franklin, botli in the construction of lightning rods, and in ibe- 
luelhod of putting them up. Dy such improvements, they have be 
Q^e muoh better protectors. Tnoy are now maae, in some paria 
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of otur. country, out of square nail rod?, with bearded cohicrfi, eacii 
joiflttiluide with a riog at one end, and a shank at the other, turn- 
ed outward about two inches, at right angles with the rod, and poin- 
ted, which, when put up, is turned outward from the building and in- 
serted in the ring. Thus, each joint, sij^ or eight feet longt ha§ a 
ring at one end, and a shank at tiio olhcr, whirji, when connected 
together, constitute the upriglitrod. In atldition, a .square nail rod 
is sometimes extended the fiiUIcngth of :l.'j ridiro pole, with per- 
pendicular spikes, having tharp points al)out six iucJies long, attach- 
ed to it at an interval of every two or ti.ice feet, with branches at 
tached to the same, extending above, one or more of ihc cliinmoyg. 
if the building be a hou&e, oi above the spire, if it be a rhureb, and 
these, so constructed, are connected v. rhtwo ujjriolit lods, erected 
in the manner before (IescriL<'d, at earh end of the hourfe, or edifice. 
anfl passing into tlie ground. Sucii rods are an anq)Io protection 
against any tbuuder-bolt, whether its pastag(; l.e p(M*pendicular or 
horizontal. 

It might seem appropriate, before closing liiin lecture upon com- 
mon electricity, that I sliou Id describe the various ca;ises of elec- 
trical excitement, show the chemical eifocts of ibis powerful and all 
pervading agent, and give a solution for the phenomena of winds and 
storms; But the two former will be ie:ierved for tlie lectures upon 
k Galvanism, and the latter [or ihoso upon Caloric. 

I shall, therefore, close wiih the request that the reader would keep 
distinctly in view, itH laws, by which common electricity is govern- 
ed ; — for, by arguments and illustrations, bated upon those simple 
and uniform law?, I expect to establish, beyond controversy or rea- 
sonable cavil, the positions which I shall take, in discussing the 
more abstruse and difficult topics of som»of the following lectures. 
Yes, I shall dep«|ril upon those laws, to prove that electricity and 
electricity alone, is the prime natural cause of all chemical changes 
monation, and all motion among eithei- atoms, or spheres, or con- 
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ttilbtioiii ofq^rea. Xthua call the particular ^attention of tbi 
ftadar to tbot% laws of alectneity, because it will doubtless be tbe 
CMO, that many will hesitate to give the theory credence, and pernit 
IB ihat hesitation, until conTinced by demonstrations, which arefoaa- 
<M npoB die self eYidei|t propositiou, thaf'lili^ causes produce like 
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By minute and careful investigation, and by a variety of practical 
©xperimenta with apparatus, we have, thus far, ascertained the iui- 
xnutable laws, by which the electrical agent is governed. By this 
investigation we have ascertained that it can be readily excited, and 
brought from its mysterious repose into action by friction, 
•'Quick as ?parh from smitten steel, 
" From nitrous grain the blaze. " 
Well might its singular developement astonish those who first be- 
held it ; for a kind of enchantment seems to linger around the sub- 
ject. By its instantaneous production, upon the proper application 
of an excitnig cause, we are forcibly reminded of the fabulous 
legends of magic, though we know it to be reality, and not fable. 
The enchanted ring of Mustaphii, the African magician, or the won. 
derful Lamp of Alladin, when rubbed, brought into the presence pf 
the holder, one of the monstrous Genii of the fables, irresistibly 
strong but yel perfectly docile, and submissive to the will of the 
person, who thus called him. In th;^ same manner when friction 
is applied to the cylinder of glass, forth leaps instantcr, the subtle 
and irresistible agent into action and visibility, strong but yet de- 
cile as the fabled Genii, a slave to the will even of an intelligent 
ehild, standing ready submissively to ob<>y his dictation, and to do 
^18 pleasure, if bidden in accordance with its organic lawd. 
.-.We have ascertained also, that, under certain circumstances, it iU' 
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▼•riabljr exhibiu tn attractive, and under other circumstances inn- 
riablj a repulsive power, and that this attraction and repulsion ii 
the fituse of all the motions among the particles and light bodiei 
of inert matter — that neither the theory of two fluids, as taught bj 
Tomer, Thomson and othcrr, ncr that of one fluid as taugLt 
by Franklin, with the superadded hypothesis of Epinus and Civ- 
•adish, account rationally and philosophically, for the cause 
of attraction and repulsion — that that cause is to be found in tho 
eonstituUonal organic laws of th^ ultimate particles of electricity— 
that each ultimate particle has opposite polarities, from the fact tbati 
current has opposite polarities and from the self evident axiom tbat 
the laws of the whole are the laws of its parts; that the outward currept 
or emanation, is always positive, because the positive end of the ul- 
timate particles of that cuirent is always presented — that the inwai4 
current km, upon the same principle, always negative, because t^ 
pegutive end of its ultimate particles, is always presented — that two 
putward currents always repel each other, because the positive poto 
of the ultimate particles of pne current, are presented to the positive 
pole of the ultimate particles o( the other, apd that two inward cur- 
rents repel for the ^me jeason, because like polarities always repel 
whether both be positive, or both negative, that an outward current, 
and an inward current, when presented to each other, always at. 
fract, from the fact that the positive and negative erjd of the ultimate 
particles of those twp currents are then presented to each other, and 
finlike polarities, or positive aiid negative polarities always attract. 
Before this theory, which is capable of absolute demonstration, if 
^ere be any certainty in reasoning from the data of selfevident pro- 
ppsitions, all difBcuIties vanish, and every phenomenon of attraction 
and repulsion can be accounted for philosophically. 

It was assumed at the commencement of this course, that all the 
imponderables are one, and the same agent. This we expect to 
prove to a demonstration, If we can prove that they are all governed 
by the very same constitutional or organic laws, and that their of. 
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UctB resulting from the operation ofthose laws, are the lame, wbieh' 
we fhall certainly da, if there he any tmth in that fundamental prin- 
ciple of logiC) that like causes produce, like effects. Having, then, 
ascertained the laws, and agencies^— or the causes and effects of the 
|>h6ttOmena produced hy this indivisible imponderable prineiple, 
under one of its appellations, or in one department of its woodrons 
operations, we will proceed to the examination of the department 
next in order, which is denominated galvanism. Its history would 
be the first appropriate object of attention and remark. 

Galvanism, is so called from Qalvani, Professor of surgical anato- 
iny at Bolgna, who was its reputed discoverer, and a scholar of 
tonsiderable eminence. Like several other important branches of 
ieience, it owes its origin to an accident, which occurred in the yea/ 
1791. These were the circumstances of that accident. Mrs. Gal- 
▼mi, at a certain time, during the absence of her husband, obserretf 
dkft effect which electricity exerts upon the muscles bf dead animals, 
diroughthe medium of the nerves, from the accidental cdntatt of the' 
eonductor of an electric machine with the crural muscle and lum- 
bsrnerve, of a frogs leg, which had been dressed for food, and was 
fying Upon' a table near the machine in the professors laboratory. — 
This contact immediately produced violent convulsions in the frog. 
thtBB, Madam Galvani happened to observe, and related them to her 
Imsband upon his return. As he was at that time investigating the 
inbject of animal electricity, he seized upon the idea with avidity 
and repeated the experiment in a varielty of ways with success. And 
time although Galvani, is the reputed author and originator of this 
aetence, yet it is to an intelligent and observing Lady that the world' 
is doubtless indebted fbr the discovery of the powers of Galvanism. 

In connection with this subject. It is worthy of rem^k, that, in 
the history of the rise and progress of some of the most important' 
sOienoes, some very trivi3|)biFCumstance or mere accident has been 
tfav* prime cause of surprising revults and developements. It is soiiie 
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.. i.Ti. re-orJfti. :!..i: .Vir Isaac Xcwioii was first led to those sub' 

liine inve?iigili»^"^ which overtiirn-jd tho oU Ptolemaian system of 

pj,^joji>pliy. I»v a circ.iiia.taiii'c so shr.iile as the fill of an apple. 

. ..-h 'ii;:^-'*'''-' '■" ^'I'-j.-ci (.f '-r.-ivitailoii. The furious and force- I' 

lal tI)njiihiM» of a hi).::i:^' Tr.i Ivi'lilo. p.'-ve t\?o to a train of thought. 

ivhicl: rt*s»i«i«*d i:i tin; iav- iirlon ol"rho steniii niijiiio, and in the pro? 

puU-ion uf >ieam ho-.t.* v.iA Jo.-isiuotivcs, an:: li:('. sume may" be said of 

jiiany other n>'i.'riil "iJivoiiiicns. Aot nnly w;:s \\:o science of Galvan- 

i*m Ji^<^p^"^'^^^ J ''}" t-l-iiif't', Ii'it ijCt.iJorit also led to the present ar- 

rin^eiiiont of giilvaMic b;iit.jio-!. 

VpoD mo!alic l.owjis. \v.'i;..'h \v;^»'o attv.chod to tlio iron pallisadesoi 
Galvaui.-* s.';^ri:oii, frogs i:ij.iic:ii'd U) hv ii;i:ig n^) l.y iho spine, aftei 
they had been dressed, as iii tlie rormcr ra.se, for foud, (as fro^ «onp 
IS iho.'t day.-. ri:«d in tlu).«i» cou-i'lIio*;, wa ^ ro^Mrdcd as a very dainty 
djiji. althougli. (r.u- rj*ii:;];-iN(iis lui.Jii wruifK'r Mt tlieii'jjingular tastes.) 
Whenever by tin.- blowing of the wind, or by njjy oihfn- aaisv., the 
rf^ivfWirre mudo to *»\viii^'. so us to louc'i occa?lunaiIy the palijsi.dos, 
^jjfj were thrown iii'.o Ci..iiv!il.-ious. The IVcfv^-^or, who observed 
^f wa». at fust, «juiift puzzled to account I'vr thii phonojuenon. He, 
^wever, imputed it to animal electricity. Professor Volta of 
pavU objected to this conclu^iou, and niliinicd thai ii must be the cf- 
--jQf ihe electricity piuduced by tiic contact cf two metals, and that 
. muscles and nerves of tho auiijiai.v. lh; only llie niLdium, tJxtough 
. -j^iiwas coaducJed, autl ti.il llie convulsions were produced by 
eff^cX of ibat electricity nr.on tlio^o nuir-cles una nerves. This 
A\ii of opinion wii'.j ( ^,;j ;. . .^ } ;,.;o:].?ct wiih intellect, and 

.iiiiaiid facts which v. o.-.: t;iici;od bv tu'j coniiovi.rsy, resuitod> 
j^f iriiw* . . ^ ' 

X "incstablijjhing the tl:i«oiy of Voiia.that by formipa a. certain 

.■ \-i beiwcon dilleront nuiais, eicctricity is j.iouuccd. 

■ «i.»i! saKanic arrange- in i:nt if that iawinch a ])irce of zinc 

^ jaltdie league, and a puce of copper above it. Then. 

* ''^^ s ^dffC- of ^^^^^ two metai-j. ihus siiuate.'l, i-* brought in 
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c«9l»f t, dwre will, whether the eye§ be opened ur cloMd« be per- 
Gejjr«4.a slight fla^h of galvanic light. This flash will bo produced, 
at 9&en as the metals are separated and bronghtin contact again. 

Bj putting a fltrjp of zinc, oud ouo of copper into a tumblef of 
aeidnlated water, and bringing the two In contact at tlio top, galvanic 
«flGKt8ve)>roduced; or, if tliey be ect upright in the giasd, und sep- 
vate from each other, and, in tlmt position, be connected by means 
of two wires soldered to the two platen, which wires are called poles, 
the same galvanic ofiects are produced. 

. The efiectB, which are produced by an arrangomeut so simple, 
i^^however, imperceptible by any of the ordinary processes by 
which we ascertain the existence <if a galvanic current. There will 
baig;..peroeived no sensible flash, if the circuit be broken and closed 
alternately, through mercury.- No shock will be fuJt by the axperi- 
Viepter, as he forma a part of the circuit, nor will any eflVsct be pro> 
4oced upon the muscles and nerves f»f animal?. 

There is, however, an article of apparatus, called a gal'.'anometer^ 
or galyanic Multiplier, which was invented by Schwciger, fof 
tba purpose of detecting and ascertaining very minute currents of 
galvanism, and their strength or intensity. This instrument is com- 
posed, in the language of Turner, of a copper wire '' bent into a rec- 
tangular form consisting of several coils, and in th<^ centre of the 
raotaogle is placed a delicately snspended needle. Each coil addff 
itainfluence to tnat of tlie others ; and as the current, in iu progresf 
along the wire, passes repeatedly above and below the needle in op- 
posite directions, their joint action is the same. In order to prevent 
the electricity from passing laterally from one ceil to another 
in contact with it, the wire should be covered widi silk. The ends 
of tho wiro, are Ijsft free for the purpose of communication with the 
op^iftsite ends of a.«oUai*j!|jifole. When a. single nee4]e is employ- 
od In the experiment, its' mqvewenls are inflnenced partly by the 
earth's magnotiflm. and partly by the electric current. The indics- 

F 
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tions are much more delicate when the needle is rendered oMft, 
that is, when its directive property is destroyed by the proximhyof 
another needle of equal magnetic intensity, fixed parallel to it, anSL 
in a reversed positon, each needle having its north pole adjacent to 
the south pole of the other ; in this state the needles, neutralizinS 
each other, aro unaffected by the magnetism of the earth, while th^y 
are stiil subject to the influence of galvanism. For researdies o^ 
delicacy, the needles sdould be suspended by a slender long threaid ^^ 
glass*, and the deflecting force measured, ilot by the length of the AlX^ 
traver«orl by the needle, but by the torsion required to keep thene^^^^ 
at u cnristiiiit distance from the wire, as in the torsion electrome^^'' 
of Conlouiub. 

The niulujil influence of a magnetic pole and a conducting; W*-^* 
changed with tlie distance between them. Experiment shows t!«^ 
the nction of u uiugnetic pole and a continnoas conductor, ev^^9 
point oluhich exert:? a separate enei^y on the pole, varies iaveraetj^ 
as-tiio dijituiicc. This result justified the opinion, that the force CJ^ 
a mugiiutic pole uu a sintrlc point of a conductor varies as the square 
of ttte di.stuuce, the same law which regulates the distribution of best 
and ligiit, as well arf the efiects due to electricity. 

It is not absolutely necessary that there should be connected to^ 
geihcr two plates to produce a galvanic corrent. A simple voltaic 
circle ni:iy be formed by one metal and tteo liquids, so arranged, uA 
possessing such different degrees of decomposing power, that one 
side til' the metal shall be acted upon more intensely by the decom- 
posing agent than the other. lu .order to test this, let a piece of 
zinc, lor instance, be cemented into a box, bo as to leave a cell oA 
each ^\de of the plate. Then, by putthig a solution of salt into one 
cell, and nitric acid into the other, a positive current will mk 
from the ceil containing the solution of salt, if the liquid of the tw6 
cells be connected by means of a metalic condactor. And galvanic 
CTcitemcnt can be produced even with pfic metal and owe solution; 
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IK>Me8Biiig the same decomposing power, provided that the acid in 
one of the cells be warmer than that in the other ; in which cast, the 
warm acid will decompose the zinc more rapidly than the cold, and, 
qf course, a current of positive electricity will set froifi the side of 
Ifie {ilate affected by the warm acid, round to tlie side aiTcctod by tlio 

From the facts developed by the above experiment, it must ap- 
pear evident to every one, that galvanism afibrds no support io the 
theory of two. fluids. Tiiere in evidently but one current, and that 
lippearS; as is abundantly shown by this apparatus, to depend upon 
a.pJuji an(! a minus. The side affected by the warm acid decompo- 
eet the zinc the most rapidly, and is, therefore, plus with regard to 
^ other.-side, which, decomposes less rapidly. The current, of 
cocqrse, runs from the plus to the minus, in accordance witli an im- 
ipu table and universal law of nature. For wliat is that current — 
what, in fact, is galvanism, but the latent caloric, of the metal set free 
l^ the combined action of its own powers and those of the acid / — 
And why does tlie current run from the plu? to the minus, if it bo 
not in obedience to a law of caloric, which always seeks to restore 
and keep up an equilibrium in nature ? It certainly must be in obe- 
dience to such a law, and we do not believe that any chemist can 
philosophically and rationally accountfor it in any other way. It 
most be something which is set at hberty by the decomposition of 
the zinc, and the more rapid the decomposition, the greater the 
nm niint set free. If that agent, thus set free, be not latent caloric, 
it would puzzle a philosopher to define what it is. 

The current of a battery always runs from the electropositive 
metal to the electro-negative, because the electro-positive metal is 
always rapidly decomposed by the action of the acid, while the elec- 
tro-negative is scarcely affected at all. The latent caloric,being set free, 
obeje, therefore, the immutable law of free caloric, and runs from a 
plat to a minus, and that constitutes galvanism. If this be true, a« 
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it doubtless is, it annihilates the last^vestige ofsupport for the thei 
ry of two fluids, and proves to a demonstration that there is but one 
So impressed was Turner, with the fact that Galvanism furnishes 
no support for the doctrine of two fluids, that he seems to hare 
abandoned it, in a measure, in his explanations of the passage of the 
gslvanic current. He says, on page 88 of his Chemistry: — " A car- 
rent of negative electricity, agreeably to the theory of two electric 
fluids, ought to traverse the apparatus in a direction precisely rever- 
sed; but for the sake of simplicity, I shall hereafter indicate iSi^ 
course of the positive current only. 

A still more cflicient arrangement, but yet a very simple one, it 
being one of the first inventions in the infancy of the science, con- 
sists of a series of glasses, or glass tumblers, connected with eadi 
other by a metojlc arc, with a piece of zinc at one end and a piece 
pf silver or copper at the other. These glasses are filled with some 
saline or acidulated solution, as salt water, or snlpfaurio acid, or di- 
luted sulphate of copper, and the <;ircuit is then closed by the experi- 
menter, by putting the fingers of one hand into the glass at one 
extremity, and those of the other into the glass at the other extresii- 
ty. In this situation a person will receive a shock every time he re. 
places his fingers afler removing them. 

Another very cheap and simple galvanic arrangement can be nuul* 
bj taking a number of pieces of common window glass, three or lour 
inches square, and after coating them on one side with zinc foil, and, 
•A the other with copper or silver foil, by placing them upon eadi 
other, the two opposite metals always in contact, taking the preeaa. 
tion, however, when coating the glass, not to let the metals cover 
its entire surface. Each additional plute of glass, thus coated, wi]| 
increase the electric influence of such a pile, but yet, some thirty or 
forty must be so connected, in order to give any degree of intensity. 

Instead of using glass, which is a non-conductor, if we use disci 
•f paper, which is an imperfect conductor, similar electrical phenom. 
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«DB will be produced, thongh some what more intense, with u given 
number of coatings of zinc and copper foil. Tu coiutrnct such an 
apparatasy the most convenient method is to cut the paper into 
round pieces about the size of a half dollar, suitable for n(Jmifr:»ton 
^l^ithin a good sized glass tube, aAer having coated them on 
each side with zinc and copper foil, observing to have the coat of 
zinc always downward and tliat of copper always upward, or that of 
cppper always downward and that of zinc always upward, which m 
immaterial. The tube should be long enough to hold one or two thou- 
iand of those discs, and the two ends be closed with some metalic 
plate in contact with the discs, provided witii connecting wires or 
poles The zinc end of such a pile is always positive and tlic copper 
end always negative. And why? Because tlie current is always 
CiUtward from the zinc, and inward to the copper, which sliows that, 
X^latively, with regard to each other, the zinc is always charged 
plus, and the copper minus. 

Suchan apparatus, as we have described, constituted what has 
b.een called the dry columns of Zamboni and De Luc, two of which the 
latter constructed, and, having placed them near each other, so that 
t}ie positive pole of the one would correspond with the negative of 
the other, he suspended between .them . an insulated bell, with an . 
i|^0ulated ball on each side, which kept up a continual ringing for 
years, with only now and tlien a slight intermission. A light insu- 
lated needle properly arranged, and balanced upon a pivot, would 
o^soillate continually between them. 

The next improvement in the construction of galv.mic apparatus, 
and one which Thomson remarks, " should be ranked among the 
greatest discoveries, from the enlargement which it has given to our 
Igiowledge of electricity, and its effects, and the extension and per- 
feetion of chemical science, is the voAic pile, so called from Volta, 
. Professor of Natural Philosophy, at Pavia . If wc compare tlie state 
of C%ami«try before the discovery of the voltaic pile, with it9 preset}t 
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aspect, we cannot but be astonished at the difTerence ; — and this 
dilTerence is, in a great measure, owing to the discoveries made bj 
means of this new instrument of investigation." The improve- 
meat spoken of, consisted in substitutingplates of metal, for the foil, 
or leaf, and wet instead of dry columns, which vastly increased it« 
power. This pile consisted of alternate layers of circular plates of 
zinc and silver, or zinc and co^^per, with card orpasteboard between 
them, moistened with some saline solution. To the two extremities 
of tills pile, behig in opposite states of electricity conducting wirei 
were attached, and when brought into contact, galvanic phenomena 
were produced. The greater tlie number of alternate layers of such a 
pile, llic greater the electrical intensity, or, if it be desirable to con* 
struct a pile oftliis kind of considerable power, and it be incon- 
venient to form it in onepiie, two may be used just as well,hy connec- 
ting tJio positive po/e of the one, with tiie negative pole of the 
Other. 

The prominent leadij;jg object which we shall have in view in our 
experiments and deductions from them, will be to establish, beyond 
tlie possibility of a rational doubt, the identity of the imponderables 
One of tlie illustrations, which will aid in tiio demonstration 
of that fact, is the similarity between the galvanic, and the electrx 
spark. If I alternately break and close tiie circuit of tlie pile, as 
it is called, through the medium of a cup of mercury— that is, if I 
keep one pole constanily in aie.me^cury, und alternately insert and 
remove the oUiC], there wiliLe an explosion of a brilliant spark "con- 
sequent upon every removal which every one can perceive is 
precisely similar to the electric spark. 

In proof of identity, ihcieis another conclusive illustration. If 
I place tlie two poles of tlie ^le in couiuct with tiie knob of a Ley- 
den jar, and keep them in contact for some time, the jar will be 
^#hiryod the same as with an electric machine, tliough its imoasity 
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will be somewhat lower. This faat can i)c Miowii' by discharging it 
with an electric discharger. 

This pile will give out shocks like an electric machine. If a 
finger of each hand be first moistened with water or some acidulated 
polation, and be touched to the two 2)oles of tlic pile there will be per- 
ceived a shock more or less interne, in accordance with the number 
of plates in the arrangement. Just such a shock will be repeated 
every tijiethe person, trying the experiment, shall make and break 
the connection, by removing and replacing one of his lingers. But 
if the finger be continued in contact, without making or breaking the 
connection, there will be no particular sensation produced, or per- 
ceptible, unless there be, somewhere on the hand, a rupture of tlio 
■kin, in which ca^e there will be experienced a slight burning sen- 
•ation. 

Tliere is another e:rperimcn(, whicii wilfdevcHipe a ^cry eitraor" 
dinary and mysterious fact, respecting one of the inherent constitu- 
ent properties of electricity, which we shall thoroughly investigate 
in this connection, and see, if it does not throw a flood of new light 
upon the phenomena of disease, tlie best methods of medical treat- 
ment in certain cases, and the hidden organic causes and laws of 
chemical changes — of decompositions and rocompositions. The fact 
to which I shall allude, is this. 

If a person shall touch the negative end of the voltaic pile with 
a moistened finger, and bring a platijium or gold wire from the posi- 
tive end in contact with the tongue, a strong acid taste will be per- 
' ceptible in tlie mouth of the experimenter. But if the wire from the 
negative end be brought in contact with the tongue, while the mois- 
tened finger be placed in contact with the positive pole, there will, en 
the contrary, be produced in the mouU^ a strong biirning or alkaline 
taste. Now why is this? The answer to tliis question might w^ell of 
itselj fill a volume, for it is a key to unlock the rich casket of a thous- 
and mysteries. It cannot, therefore, be expected that I should ^o 
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mom than inereljiflanee at the solution of this wonderful plnnomft- 
son, in the apace allotted for the completion of this lecture, and if, 
iomy anxiety to do as mach justice to the subject as can be done in 
a aii^f le iecture, I should extend my remarks somewhat beyond the 
Qjrdlnary bounds of one, I hope that my reader will not be offended 
with this burdensome tax upon his patience. 

• 

To proceed, then, why will the positive pole, when brought in con* 
tict with the tongue, produce an acid taste, and the negative pole an 
a j k^lin t taste? We shall assume, in the first place, as the basis or 
data of our reasonings and deductions upon the subject, that it mast 
be something inkerent in the galvanic current itself, or iu some chem- 
ical cl^ge produced in the system by the course of the passing cur- 
rent, or in both combined. We believe it to be in both combined^ 
In our investigations of common electricity, it will be recollected 
that we established, upon the basis of a self evident proposition Ot. 
a^iom, that one end df its ultimate particles is opposite entirely in 
its nata|[e to the other end, since one end of a current is attractive. 
and the other repulsive, and, as the laws of a whole are the laws 
of its parts, then, of course, each atom of that whole has an attractive 
and a repulsive power, by the opposite polarity of its opposite 
sides. Now then, if, as is demonstrated in the experiment just re- 
ferred to, the whole current has a taste, just in accordance with the 
direction in which it runs across *he tongue, each ultimate particle, 
which aids in constituting that current ond its organic laws, has, also,, 
a taste in accordance with the direction in which it runs, as can be 
proven by the same process of reasonidg. 

' It is demonstrated, then, by experiment and by deductions built 
Xipqn self evident propc silions, that each of the two ends of the ulti 
Sftf^. Petioles of electricity have opposite tastes— the one an alkaline 

q|i4 the other an acid taste. 
Nqw how admirably this fact exhibits the uniformity of natures 

l|wa» 0OW In^idiy it proves th*| there is no. clashing at all in the 
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principlti of her government! What a firm atnl itfhioveable haais it 
lajf for confidence, that, when we have ascertained, beyond the pos 
liliility of doubt, one isolated fact, proving the existence of a certain 
definite law, otlicr fuct;, when discovered, will harmonize witii the 
evidence of the first fact, if they relate to tlic same subject or class of 
subjects, and will iucrea.<e the weight of proof as to the existence ot 
each a law, thus chaining the uniform tuijtimony of isolated facts to- 
other into an harmonious and irresistably coii\incing sum total of 
proof, and thus giving a satisf actory and almost nmtliemalical cer- 
tainty to our knowledge! 

What is the corroborating testimony of facts in the case under con- 
sideration? It is this. We demonstrated in our last lecture, by a 
series of deductions, based upon experiments, that liie two ends of 
e^ery ultimate particle of electricity have opposite polarities — tfiat, 
when a body is charged plus, there is an emanation — that, in evory 
emanation or outward current, the ultimate particles of the agent, 
that constitutes it, present tliciiv positive end, as that always leads — 
that a minus body has an inhaf.ation of the electric breeze, as it were, 
or an inward current from surrounding substances, and is negative, 
because the rear end of each particle, or that which always follows 
the lead of the positive in all the movements of electricity^ is, in its 
organic constitution, negative. 

■Now then for a forcible illustration of the admirable uniformity of 
those facts, which demonstrate natures laws. When a current of 
eloptricity runs in at the tongue, it leaves an Mid taste, and, when 
out of the tongue, an alkaline taste. Now the inward current, as Tfre 
haTe before frequently remarked, presents its negatire end and tho 
outward its positive end. In the inward current, the negative end of 
each particle as it passes in, gives inherent organic taste, and so with 
the other. Now, in what electrical stales are the alkalies and the 
acids? Why exactly in opposite stales. The acids are negative and 
the alkalies are positive. The inwarc current has n negative polarity, 
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if alto add, mnd the outward has r positive polarity and igatkalku 
The positive and negative, then, in both cases — ^yea in the whole 
t|i*^ cases agree perfectly, both as to tostoand polarity, — the taste of 
the negative end of a current being acid, which acid in the form of 
salts is also negative, and the taste of the positive end of a current 
K^ing alkaline, which alkaline, in the forni of salts, is also positive.— 
The strong chemical affinity which exists between the alkalies andtbe 
•eids is famili^^to all. Tartaric acid and soda, for instance, when, 
brought in contact with each other in solution/nra attracted to 
each other, a powerful efFen-esceuce ensues, and achen^icalunionts. 
formed between the two. Now this attraction must be entirely ow/ 
tug to the attraction of positive and negative electricity, or ofoppo^ 
■ite polarities, since the one is plu3 and the other minus, and since a. 
foundation seems to be laid for an alkali and an acid in the orgaois 
constitution of the ultimate particles of electricity itself. 

In the harmoniziog facts, • which the experimenta develope, we, 
^oubtl^s, discover the very fundamental cause of all chemical attrao* 
tions or affinities, and, of course, of all chemical changes, as well as 
tho causes of disease and the most appropriate repaedies for such die- 



After having given a further description of the progress of the 
science of Galvanism in the construction, improvement and use of 
^paratus. we will then discuss in full, the several topics of the 
^iMmwal decomposition of substances, the various causes and phe- 
nomena of disease in the human system, so far as they depend upon 
the different electrical states of that system, and the appropriate rem-/ 
edies forsuch disease and the chemical reasons why such remedies 
in certain cases are available. 

The next invention which followed lliose to which we have allu- 
ded wuthat of the trough or galvanic battery by Mr. Cruikshanks of 
lif oolwich. England, which succeeded the Voltaic pile, and, with 
iajjproTem^ts. ig now generally used. His trough consisted of ba- 
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Kad mahoganj, about four iochei wide aiid four d«ep. IbIo groovM 
(tut in tbe lides and bottom of this trongb, at tmall diataneei from 
todi other, were inserted alternate plates of zinc and copper solderod 
together at the ends, and cemented into tbe groovea by tealing wax 
or some other similar material, so as to prevent the water from pat** 
ing from one cell to another. Into these insulated cells was poured 
either a saline or strongly acidulated solution and the extreme 
"plates were brought into connection by menna of conducting wirea» 
called poles. 

This battery was very materially izhproTed by so constructing it, 
Ihat the zinc plates could be lifted out of the cells, when not in me 
end thus their otherwise rapid corrosion was, in a measure, prevented. 

Following thi» are the improvements made by Dr. Hare of Plulif 
'delphia, and which are thus described by Thomson. 

•* Dr. Hare, professor of chemistry at Philadelphia, has contrived 
'anew modification of the galvanic apparatus. He takes twoplatee^ 
'one of copper and the other of zinc, and placing a disc of leather be- 
tween the two, he rolls them up in the form of a spiral. The leather 
«^8C is now removed, and the two metals are prevented from touch^ 
ing each other by interposing slips of wood. Each of these plates i* 
'made to communicate with a "plate of a different kind of metal, the 
^inc with copper, and the copper with zinc, precisely in the way al* 
ready described when giving nn account of tlie trotf^s. A number 
of these double spirals uro fixed upon a piece of wood in 'the same 
way as has been just explained. These cylinders are now ^ntroda* 
ced, each into a cylindrical glass vessel. This method of constrnctioh 
ia attended with several important advantages. By this contrivance 
plates of a very large size may be introduced into a small veaael: eb 
that the expenditure of liquid is the least possible. Besides the great- 
est part of the two sides of each plate is aetive, being placed opposite 
to a face of the other metat. 

" Dr. Hare has construccd another apparatus which he calls z. 
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d^Utgrmtor, and which appears to possess veiy ^reat power. lie 
tdkei a pkt« of zmc three or fern inches square ajQid closes it in a case 
of copper, distant from it about a line, and touching it nowhere. — 
Any number of of these plates thus enclosed in copper is attached to 
iEi horizontal piecd of wood, and fixed immoveably. that there may be 
no risk of the plate of zinc touching tlie copper case in which it is en- 
closed. The zinc plate at the first of these is onited at the top to' 
ttie copper case of the next zinc plate. And this is continued through 
me whole. These copper cases are placed at a very small distance 
from each other, and between each pair is introduced a piece of card 
dipped in linseed oil varnish, and half dry. They are then compreaa- 
bd so as to adhere so closely to each other, that no water can insina- 
aie itself between them. Things being thus dif^posed, the apjparatus 
IS plunged into a trough containing the liquid, and not divided into 
ielis; the varnished card answering ifill the purposes of the dia- 
phragms in the porcelain troughs. Four spch pieces ofopparatuSf 
containing each fifty plates of zinc, surroonded by its copper casor 
when plunged into the proper troughs, produce yery powerful efiecta* 
*'Tbe apparatus employed by Oersted, andof tiie efiicacy oi which 
he speaks in high terms, approaches v ery nearly to this last one of 
Hare. Indeed the theoretical construction of both is the same.'' 

I have not time to dcFcribe the various experiments and improve- 
ments of 3Iorichini, Professor Oersted of Copenliagen, Sir Humph- 
rey Davy andsevcral others. I would only remark, that it has been 
ascertained, that on arrangement of a very large number of small 
plates constitutes the kind of battery to bo used in giving shocks 
and in chemical decompositions, and that an arrangement of a few 
platei, exposing a very large surface, constitutes the proper kind for 

,m 

evolving very great heat. 

Dr. Ure^ of Glasgow, in^ Scotland, performed, some time since, 
upon the body of a murderer, who had been hung, several experi- 
ments with a battery of tlie former kind, consisting of 270 pairy of 4 
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ift. One pole of this battery was introduced into an incision in the 
inape of the tieck, so as to come in contact with the spinal marrow, 
while the other was applied to what is called the sciatic nerve.— 
The consequence was that every muscle of ilie body was agitated 
with a convulsive quiver, as if violently shudccring from the effect 
of cold. 

2d. By continuing one pole in the nape of the neck, as before, 
and removing the other to an incision ma<!e in tlw heel, the knee 
being previously bent, the leg win thrown out with such force and 
Tiolence, as nearly to kick over one of the assi-.lanli-, who attempted 
to prevent its extension. 

3d. One pole was inserted in an inrision raado to what is called 
t)te phrenic nerve, and the other between the rib-*, so as to touch 
ihe diaphragm at tlie bottom of the lan^j-i. Tli) consequence waa 
that the chest rose and fell as in heavy iiatriral breathing. 

4th. One pole was brought in contact with the supra-orbital nerve 
In the forehead and the otlier with the heel, when every muscle of the 
countenance was simultaneously thrown into fearful action. Rage, 
horror, despair and ghastly smiles united their hideous expression 
'n the murderers countenance. So horrid was the sight, that several 
spectators were forced to leave the room in which the experipients 
were made, either from terror or sickness, and one gentleman 
fainted. 

5th. One pole was inserted again in the nape of the neck, and the 
bther brought in contact with tlie ulner nerve at the elbow. Imme- 
diately the fingers moved nimbly like those of a violin performer.^ 
An assistant tried to close the hand, but found it would open forci- 
bly, in spite of his efforts. When the rod was removed from the el- 
bow to a slight incision in the forefinger, the fist being previously 
clenched, that finger instantly extended and, by the convulsive agi 
tation of the arm, the murderer seemed 16 point to the different sper- 

tatorfl, some of whom thought the had come to life. 
G 
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With the foregoing series of interesting experiments, we shall 
bring to a conclusion the present lecture, and defer the further con- 
sideration of Galvanism to the next, requesting the reader, however, 
before we dismiss the subject, to keep in recollection those experi- 
ments in particular, as we think they will throw same light upon 
the subject, when we come to consider the agency of the electric 
principle in the various departments of orgatUb life, and the abstnuM 
science of Pathology. 



LECTURE v. 

SUBJECT— 6ALTiNISH. 



BxFORB eommencing a discusfiion upon the enhjeet of the chemU 
^cal changes produced by the imponderable principle in ponderable 
matter, whether organic or inorganic, we will give a description of 
one or two other important pieces of galvanic apparatus now in use. 

Dr. Hare's Calorimotor, as it is called, is a battery of the other 
kind, which evolves great heat, and yet produces but a slight elec- 
tric effect upon the muscular system, and in the chemical decomposi- 
tion of substances. He constructed it of several 18 inch plates, 
and had it so arranged, that all the plates of copper were joined to- 
gether by a band of metal, and those of zinc in the same way. By 
this arrangement, all the plates became, in fact, but one pair, having 
an immense surface exposed to the galvanic action. 

Mr. Children of England, in 1814, constructed one of this kind, 
consisting of 20 pairs of zinc and copper plates, each 6 feet long and 
2 feet 6 inches broad, joined together with straps of lead. By im- 
mersing this battery in a mixture of nitric and sulphuric acids with 
from 20 to 40 times their weight of water, the following experiments 
were made. A platinum wire five feet six inches long and 11-100 
of an inch in diameter was made red hot throughout, so that the ig- 
nition was visible in full day light. Eight feet and six inches of pla- 
tinum wire 44-100 of an inch in diameter were heated red. A bar 
of platinum 1-6 of an inch square and two inches and a quarter long 
WM9 heated red hot and melted at the end. A round bar of the sama 
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paetal 276-1000 of an inch in diameter and two and a quarter inche» 
\oUgf was heated bright red throughout. 

Before passing to other topics, it may be appropriate, in connection 
with the subject of galvanic batteries, to remark upon the differe*^^ 
•olutious used in experimenting and their various effects. This v^® 
will do in the language of Thomson, page 517. 

"The energy of the galvanic battery depends very much upon the 
nature of the liquid employed as a conductor between the pairs ^' 
plates. The better conductor of electricity it is, the more powerful, 
ceteris paribus f is the energy of the battery. When we employ pure 
water the energy is a minimum. Indeed it seems doubtful whethfif 
the pile possesses any activity when the water used is perfectly 
pure, and perfectly freed from atmospherical air. Water containiDJI 
a salt in solution, answers much better, because the addition of ■ 
salt increases very much the conducting power of water. Comnaon 
salt; sulphate of soda, alum, nitre, or sal ammoniac, are often em- 
ployed. The more easily the salt is decomposed the better does K 
answer. Acids on that account answer better than salts. 1'*'® 
three acids usually employed are the sulphuric, muriatic, and nitl'^^' 
Of these the muriatic acid has the least energy ; the sulphuric coD^^' 
next in order : but the nitric acid is the most efficacious of all. 

The stronger the saline or acid solution is, the more powerful '• 
the action of the battery. The action of nitric acid i s the most ©*^' 
ergetic ; but it ceases most speedily. The experiments of ^^^ 
Lussac and Thenardhava shown that the addition of 10, 20, ^' 
dtc, parts of concentrated nitric acid to a given weight of watet *^" 
creases the intensity of the battery 10, 20, 30, &c. times, or t^** 
the energy is directly proportional to the strength of the acid ^'^' 
ployed. Tne charge usually employed in this country is a mixttt^ 
of 1 part of concentrated acid witli about 20 or 25 parts of water. 

" The action of the sulphuric acid lasts longer than that of th© ^'' 
trie, and that of the muriatic is more lasting than that of the sulpb^'^ 



OF MATTER. 19 

ic. The addition of fome sulphuric acid to the nitric acid lolution 
(as waa the practice of Sir H Davy) rendera the action much longer 
— becauae the sulphuric acid prevents the nitric acid from being sat- 
urated bj the oxide of zinc formed. The energy, of course, con- 
tinues till the whole nitric acid is decomposed. 

*'Of the salts, sal ammoniac is the most powerful. A solution of 
common salt in vinegar acts well, and is most commonly used by ex- 
perimenters, as the cheapest ingredient likely to answer the pur. 
pose. 

'' Having given a sufficient account of the galvanic apparatus, it 
is time to turn our attentien to the effects which it produces. *' 

In a former lecture of the course, we assumed, it will be recollec. 
Ced that there were but three essential principles in creation — viz: 
ponderable matter , imponderahle matter and mind, and that all the 
chemical changes, withia the whole wide range of philosophic in- 
restigation, were produced by the energizing influence of the im- 
ponderable principle over ponderable matter. This, we are aware, 
is stating a proposition^ somewhat new, in strong and decided terms 
— ^is taking a position, which has uot been definitely taken by any 
standard authors upon the subject, although they have published ma- 
ny things and facts, which will be of very essential service, in aiding 
to establish fully, what we are attempting to demonstrate— and, as 
many may, very piobably, be disposed to regard the position as 
wholly untenable, we shall first quote largely from Thomson, to 
show what has been ascertained by experiment, as he seems to have 
taken much pains to collocate and condense the recorded results of 
the labors of learned and practical chemists. 

Our first examinations will be confined to inorganic substances, 

and, as we quote the opinions of others, we shall regard them merely 

as opinions, disconnected entirely from the facts recorded, which 

opinions we shall not regard as resting upon an infallible basis pf 

iceasoning, nor shall we endorse their conclusions as resulting necessa- 
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tilj from the facU in the cose, except where it shall appear perfectly 
conclusive thatthej do. 

We cbaJl also premise another thing before proceding to make 
tboM quotations. They may not be arranged exactly in that method- 
ical order and concise form, v.liich would estrictly comport with a 
ffork, designed to bo so roDdoiisud as this. 

We will first quote whul Thompj-on saye, between pages 491 and 
405, under the head ''of Licet r'tcity hj Cunlact." 

"AconRideriible number of experiments on electricity by con- 
net was made by Sir II. Davy. When oxalic, succinic, benzoic, or 
|H>r8cic acid, perfectly dry, either in powder or in crystals, are touch- 
Mi opon an extended surface with a plate of c: pper insulated by a 
g]aat handle, the copper becomes pcsit'zrf, aiid llio arids negative.— 
When zinc or tin is substituled for cop2)er the elroct is the same.— 
Fboaphoric acid perfectly dry, when applied ♦o cojipcr becomes neg- 
attfOi and tlie copper positive. 'When metallic places aie jiKide to 
toneb dry lime, slrontian, barytcs, or magnesia, these alkaline bodiei 
])9COWie positive, the metal negative. With soda llie effect is the same. 
FMaah attracts moisture so rapidly that the experiment cannot be 
tried with it. When sulphur is applied to polished lead, or to any 
other metal, it becomes positive.^ 

"It boBbeeu ascertained that electricity, when .employed in the 
way described heretofore, and hnown by the name of the Voltaic 
battery, is capable of decompo>-:iig all compound bodies, and the 
decompomtioii takes place arcording to a particular law. When two 
platinum wires attached to the two poles of the battery are plunged 
into a vessel of water, the water is rediiccd into its elements, and 
lSb» oxygen is always extricated from ike v. ire atiucli'^d to iha posiiire 
pole, while the. hydrogen rises from the wire attached to the negative 
pole. When the wires are plunged into a stron~ solution of muria 
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tie aeid, the chlorine ii accumulated round the positive wire, anci 
the fajdrogen round the negative. The law according to which Ay- 
irobromic and hydriodic acids arc decomposed is llie same. The bro- 
mine and iodine are attracteirto the positive pole, while the hvdrogex^ 
if attiacted to the negative 2)oIe. When cliloride of sodium or po-. 
tassium is decomposed, the chlorine passes lo the positive pole, 
wl^ile the sodium and potassium pass to the itogritivo pole. Were a 
compound of sulphur with oxygen to be decomposed, the oxygei^ 
would attach itself to the positive pole. Dut with t>ulphuret of zinc 
or of iron the case would be dilTererit. The sulphur would collect 
round the positive pole, and the metal round the negative pole.—. 
When salts are decomposed, the acid is attracted to the i)0aiitive pole* 
fnd the base to the negative. 

"Now as bodies are attracted by those in a different state ofex- 
oitement from themselves, it follows that oxygen, chlorine, bromine, 
and iodine, and acids, would not be attracted to the positive i)ole, 
unless they themselves were in a negative state ; nor would hydro- 
' gen and bases be attracted to the negative pole unless they were in a 
positive state. From this it has been concluded that bodies which 
have an attraction for each other are in opposite states of electricity, 
and that it is to these opposite states that tlieir attraction for each 
Other, and their union with each other, is owmg. The current of 
electricity destroys their union by bringing them into the same elec- 
trical state. In consequence of this view, which is at least exceed- 
ingly ingenious and plausible, bodies have been divided into two 
Sj9t8, those which are negative, and those which are positive. The fo 1- 
lowing table exhibits a list of the negative bodiesbeginniug with those 
which possess the negative property in the highest degree, and ter , 
^inating with those in which it is lowest. 

Oxygen, Molybdenum, 

Chlorine, Chr«D?ium. 
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Mine, 

Buifhm, 

Phosphorus, 

Seleniam, 

Arsenic, 

Titanium, 



Tungsten, 

Boron, 

ifarbon, 

Antimotff, 

Tellurium, 

Columbium, 

Silicon. 



i» , 



lowing table exhibits a list of the positive bodies be^if 
he one in which the property is weakest, and ending with 
which it is strongest. 



Gold. 

Platinom, 

Palladium, 

Osmium? 

Iridium, 

Rhodium, 

Mercurj, 

Silver, 

Copper, 

Nickel, 

Cobalt, 

Bismuth, 

Tin, 

Zirconium. 

Lead, 

Cerium, 



Uranium, 
Iron, 

Cadmiuji, 
Zinc, 

Manganese, 
Aluminum, 
Thorinum, 
Yttrium, 
Glucinum, 
Magnesium, 
Calcium, 
Strontium, 
Barium, 
Lithium, 
Sodium, 



Potassium. 

it aaej to decide where hydrogen should be placed. Cora- 
oxygen it is strongly positive. But it combines with the 
■nd must with respect to it be negative. The bodies 
a head of the first list being most powerfully nega- 
lijB greatest chemical affinity for each other. Bodies in 
iat bare but little affinity for each other, those towards the 
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bouon of the first list have but little affinity with those towards the 
fop of the second list. However tlie bodies in the same list are not des-. 
titute ofaffinity fc^each other. Thus sulphur combines readily with. 
*r«enic. Because these two bodies assume diflferent states with res-. 
pect to each other. When we decompose suJphuret of arsenic, the 
sulphur is attracted to the positive pole, and the arsenic to the noga- 
**^o ; showing that the former is in a negative state, and the latter in 
* positive. It is for this reason that almost all the substances consti- 
tuting the first list, are capable of uniting with each other as well as 
^ith those of the second. Now it deserves attention, that when the 
bodies constituting the first list unite with each other, they constitute 
^'^^s or substances which act the part of acids; when they combine. 
^^th the substances constituting the second list, they constitute ^asM 
^^ substances whicj^ act the part of bases. All the acids are combi- 
"^ations of ihe negative bodies with each other, all the bases arecomr 
founds of the negative bodies with the positive. I have left out 
^^te because it is not easy to say where it ought to stand ; but it 
^^ongs undoubtedly to the class of negative bodies, and should stand 
Probably before sulphur. 

Hydrogen I have purposely omitted. It constitutes acids by com- 

*^^ng with the greater number of the negative bodies ; but we are 

^K^iorant at present of any compound which it forms with any of the 

positive bodies, excepting with potassium, which, according to the 

^periments of Gay-Lussac and Thenard, absorbs hydrogen gas and 

forms a compound. But this combination has not succeeded in the 

h&nds of other experimenters." 

"Eyer since the discovery of the identity of lightning and electri" 
ty, the attention of electricians hai» been turned to the accumulation 
of electricity in the atmosphere. And various causes for such an ac" 
onmulatioD have been assigned. The opinion of Volta has been 
most commonly adopted. According to him whenever a body chan- 
ges its state, it becomes electric. Now water is continually ascend 
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ifig into the atmosphere in the state of vapour, or falling from it ifl 
the state of rain. Bj these continual changes of state, which thii 
fiuid undergoes, Volta supposed that the accumulation of electridtjr 
in the atmosphere was chiefly produced. This ofCiion was verified 
by Lavoisier and Laplace. But when Saussure repeated the experi- 
ments, he was unable to obtain any satisfactory results. M. Poaillet 
has recently examined the subject with much care, and has found 
that no sensible quantity of electricity is evolved when water changei 
its state, unless at the same time some chemical action more or letf 
vigorous accompanies the change. But whenever two gaseous bo* 
d'cs unite with each other, or a gaseous body with a solid bod^, oneo» 
the uniting bodies always gives out positive electricity, and the otbe' 
negative electricity.* These experiments being of great importance, 
both foi understanding the sources of atmospherical electricity, andfof 
determining the kind of electricity possessed by those bodies, whidi 
have a chemical affinity for each other, it will be worth while to state 
them somewhat particularly. When charcoal is burnt it sometimet 
gives out positive, and sometimes negative electricity, and sometimei 
no electricity at all. This depends upon the way in which the combnei* 
tion is conducted. To obtain constant results, M. Pouillet proceeded, 
in tbefollowing manner. He took a piece of charcoal of such a diam* 
eter that it could receive the form of acylinder whose bases were nearly 
plain. This piece of charcoal was placed vertically, two inches and 
ft half, or three inches below a plate of brass which rests upon one of 
the discs of the condenser. The charcoal communicated with the 
ground, and was lighted at its superior base, taking care that the fire 
did not reach the lateral surface. A current of carbonic acid rises 
and strikes against tlie plate, and in a few minutes the condenser ig 
charged. The electricity which it receives from the carbonic acid 
gas is always positive. If the plane be allowed to communicate t* 
the sides of the charcoal, or if it be inclined so that the carbonic acid 
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fonned muit alide ap along the base of the charcoal, no senaibto ef 
feet 18 obtained. 

'' To obtain th^filectricity which the charcoal itself takes by corn- 
bastion, M. Pouillet placed its inferior end directly upon the disc of 
the condenser, imd then lighted its superior base. In a few minutes 
the condenser was charged with negative electricity. From these 
experiments, we learn that when charcoal is burnt, it becomes 
charged with negative electricity, while the carbonic acid evolved is 
charged with positive electricity. Now the combustion of charcoal is 
the combination of it with oxygen, so as to constitute carbonic acid: 
According to Pouillet, during this combination, the oxygen gives out 
positive electricity, which is found in the carbonic acid gas, while 
^Ike charcoal gives out negative electricity, which is found in the por*- 
tion of the charcoal not yet burned. Now when the carbonic acid! 
S^ is again decomposed into its elements, the oxygen takes back, 
positive electricity, and the carbon negative electricity. Is not thi6- 
'^ reason, -why the oxygen gas is attracted towards the positive- 
pole of the Voltaic battery, while the carbon is attracted to the nega- 
te pole ? 

'/ The flame of hydrogen gave contradictory results with respect 
^ its electricity, as had been the case ulso at first with charcoal. In 
^0 course of a few minutes it gave indications both of positive and 
'^^S^tive electricity ; very intense and very weak indications, and 
often it was impossible to obtain any indication at all. But these 
^i^cnlties were at len gth overcome by M. Pouillet in the following 

"»Vliler. 

" The hydrogen gas was made to flow out of a glass tube, -The 
^^^^e wiuB vertical, having a breadth of 4 or 5 lines, and a height Of 
"^^Ont three inches. A coil of platinum wire was employed to con - 
^^^ the electricity from the flame to the condenser. When this 
^^il was so much larger thvi the flame as to enclose it,'and to be 
^^tflint from its e:itemal iofface about 4 inches, signs of positive 
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•kctricity made their appear ance. These signs became more and 
more intense as the distance diminished. Bat t^hen the coil became 
•0 small as to toach the flame, the electrical signs became weak and 
uncertain. Thus it appears that round the flame tkf hydrogen, there 
is a sort of atmosphere at least 4 inches in thickness, which is always 
tharged with positiTC electricity. 

" If a very small coil of platinum wire be placed in the centre o' 
the flame, in such a manner, that it is enveloped on all sides; and 
made to communicate with the condenser, that instrument becomei 
immediately charged with negative electricity. Thus it appear! 
that the outside of the flame of hydrogen gas is always charged with 
positive electricity; and the inside with negative electricity. It fol- 
lows from this, that there is a layer of the flame where the electrici- 
ty is invisible. Accordingly if we regulate the coil in such a manner 
that it penetrates nearly one-half into the bright i^art of the flame, aU 
electrical indications disappear. 

From these experiments, it appears that the electricity evoln^ 
during the combustion of hydrogen, is quite similar to what appeari 
during the combustion of charcoal. The oxygen before it enters mto 
combinatioQ is charged with positive, and the hydrogen with negative 
electricity. Oxygon then must part w^ith positive electricity when it 
combines witli hydrogen, and hydrogen must part with negative 
electricity when it combines with oxygen. 

" If instead of making the hydrogen gas flow put of a glass tube, ws 
inake itflow out by a tube of metal, which does not communicate 
^ith the ground, but only with the condenser, this metal tube which 
touches the hydrogen, but not the flame, always becomes charged 
#hh negative electricity. But if it communicate with the ground it 
nsee the negative electricity, which it had lately carried to the con- 
fcift^r, and the product of the combustion preserves an excess of 
ftksiiiTe electricity. 

' If iroeitroine at a height of a few inches above the Tertical 
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flame, we tind both th<; ekctncities in tlio same quantity and not re- 
composed. For if we present a soldered plate of zinc and copper , 
the zinc plate attracts the negative, and the copper plate the positive 
electricity. When we go to a distance sufficiently great above th** 
vertical flame,, the electrical fluids can no longer be rccuguised, be 
cause they have combined and neutralized each other. 

PouHlet examined the flames of alcohol, ether, wax, oils, fat, many 
and vegetable bodies which presented the same phenomena asthat ot 
hydrogen. That is to say, that a zone of air surroumding the flame 
was electrified plus, while the interior of the flame was electrified mi- 
nus. All these combustions exhibit examples of oxygen uniting with 
hydrogen and carbon. The oxygen gives out positive electricity^ 
while tlie combustible body, whether hydrogen or carbon, or a com 
pound of the two, gives out nogativc electricity. 

"It has been ascertained by the cxperimouts of Priestly, Ingen 
housz, Sennebier, Saussure, &c. that plants while vegetating act up- 
OQ atmospherical air; sometimes forming a great quantity of carbonic 
•cid, which disengages itself insensibly, and soraetimes on the other 
hand gives out oxygen gas in a state of greater or less purity. Now 
It appears from the preceding experiments, that when carbonic acid 
J' formed by combustion, it is electrified plus. This led M. Fouillet 
to SQspect that the carbonic acid given out during the processes of 
^^getation, would be in the same predicament To determine thie 
point, ha made the following experiment. 

" Twelve glaas capsules, about 8 inches :n diameter, were coated 
**temally for two inches round the lips with a film of 'ac varnish. — 
They were arranged in two rows beside each other, either by placing 
*^em simply on a table of very dry ivood. or by putting them on a ta- 
tle previously Tarnished by gum lac. Thay were filled with vegeta- 
^>le mould, and were made to ccmmunicate with each other by metal- 
lic wiiea which passedfirom the inside of the one to the outaide of the 

*'U*6r. gaing over the edges of ta# capsnles. Thus the insidtitf r.f thtr 

H 
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18 eapralei, and the soil which they contained, fonned only a single 
comdncting body. One of these capsules was placed in communica 
tioR with the npper plate of a condenser by means of a brass wire ; 
while at the same time the under plate was in commimication with 
the ground. Things b^ing in this situatior, and the weather very 
dry, a qnaniity of com was sown in the soil contained in the capsalei 
and the effects were watched. The laboratory was carefully sbnt, 
and neither fire, nor light, nor any electrified bodies, were introda.^ 
ced into it. 

" During the two first days the grains swelled, and the plamnlaii^ 
sned out about the length of a line, but did not yet make its appear- 
ance above the surface of the earth. But on the third day the blade 
appeared above the surface, and began to incline to the window 
which was not provided with shutters. Consequently the carbonic 
acid gaa, which disengages itself dimug the germination of seeds, is 
charged with positive electricity, and is therefore precisely in the 
same state as the carbonic acid gas formed by combustion. This ex- 
periment was several limes repeated with success. But tne electri* 
ei^ cannot be recognised unless the weather be exceedingly dry, or 
unless we dry the apartment artificially by introducing'substances 
which have the property of absorbing moisture. 

'* These capsules being insulated, and the air being very dry, and 
the soil so dry that it is an imperfect conductor, it is evident that the 
electricity would be retained. Accordingly when the condenser was 
brought into a natural state af^er one observation, and if it was then 
replaced for experiment only during one second, it was found to be- 
charged with electricity. 

"It is obvious enough that the gaseous fiuids given out by plants 
dorilig the process of vegetation, being charged with electricity, must 
coAtnbiite to tooishno inconsiderable portion of the electricity with 
^riuditefttnuMpbere becomes loaded. No doubt the carbonic acid 
^ftenrolfed firev animals by respiration is also' charged withpoeV* 
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tlve electricity ; though it would be somewhat difficult to detenniiM 
the point by actually charging a condemer, io conie<iuenee of tho 
moisture with which the expired air is always loaded.*" 

Other important agencies of Galvanism are described by Thomson, 
commencing on the 529th page of his work on "Heat and Electrici- 
ty ^'^ which we shall quote in full, before proceeding to comment ap 
on them, and to make them the data of certain deductions, which 
have a bearing upon the settlement of the question at issue. 

*' The chemical efTects of the Voltaic battery have been inves- 
tigated with much sagacity, and have thrown a flood of light upon 
the nature of chemical combination. Every substance constituting 
the liquid conductor interposed between the pairs of plates under- 
goes decomposition, one of its constituents being attracted to the 
positive plate, and the other to the negative. Suppose the liquid 
conductor to be water. The ogygen is attracted to the positive or zinc 
plate, which it converts into an oxide, while the other constituent, 
the hydrogeut is attracted to the negative or copper plate. Hydrogen 
does not combine with copper. It therefore makes its escape from 
the face or the copper plate in the form of hydrogen gas. When 
pure water is used, the decomposition is exceedingly slow, because 
pure water conducts electricity of low intensity very badly. If we 
add nitric acid to the water, the energy of the battery is very much 
increased, because the conducting power of the liquid is greatly aug- 
mented, and because the nitric acid undergoes decomposition much 
more easily than water. In this case both of the constituents of the 
liquid conductor undergo decomposition ; the water is reduced in- 
to Its elements as before, and the oxygen, as before, nnites to the 
zinc plate, while the hydrogen is disengaged from the copper plate* 
The nitric acid is decomposed into oxygen and deutoxide of azote. 



* The reader may consult widi advantage an elaborate and most in^niooa 
•et of experiments by Sir H. Davy, to establish his own views, which ire 
^conaistenl with those of Pouillet, in Phil. Trans. 1826, p. 393. 
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Tlic oiygen unites to ihe /ino. while the deutoxidti of azole is dia 
f ngageJ m abundance from the copper plate If ibe nittic arid 
•ulutio?! used possess considerable streijgth, a good deal of heat h 
evolved, and the quantity of deutoxide of azoto and hydrogen giveu 
out is \eYy annoying to tho experimenter. The zinc is oxidized 
and dissolved- very fast, and tho energy of the battery is soondeBtroy 
ed. Because, in a very short time the whole nitric acid is either de- 
composed, or combined with tht oxide of zinc. The liquid becomes 
a solution of nitrate of zinc in water, which is comparatively speak- 
ing a bad conductor ofelcctricity. 

** It would appear, that while the energy of the Voltaic battery 
continues, two opposite currents of electricity pass through every 
Mr.ituui of liquid, interposed between every pair of plates. The 
negative electricity passes towards the copper plate, and the posi- 
(ive electricity towards the zinc plate. To form a conception of 
the way in which these currents pass, let ns consider the cooducting 
liquid m its simplest state, or consisting of water. Water is a cotn- 
jfound of oxygen and hydrogen. Let us consider only a single row 
of the particles of it, lying between tho ainc and copperplate.— 
Let fig. 1, represent oxygen, and fig. 3, hydrogen. A particle of 
vrater may be represented by the symbol .^.land a row uf particles of 
•rator uiiy be represented thus : 

hhhhhhhhhhhh 
The current of negative electricity seems to paf^s along iJie parti 

cles of oxygen, and the current of positive electricity along the par- 
tides of hydrogen. From M. Pouillet'ri experiments related in thf 
last section, it would follow that when oxygen and hydrogen combine 
the former gives out positive, and the latter negative electricity.— 
We may conclude from this, that when they become charged again 
with these respective electricities, thoy will separate from each oth- 
er The particle of oxygen next the zinc plate, being thus disen- 
fjagpd from panicles of hydrogen with which it was united, will 
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lie attracted to the zinc plate, give out ltd electrkitj to it, and com- 
bine with it. The same thing will happen to the particle of hjdrc- 
gen nearest the copper plate. The electricity conitantly paaeing 
along the row of particles, will occasion a succession of decompo- 
aitions of the particles of water. But the hydrogen in eaeli, will 
instantly combine again with the next particle of oxygen in soecess- 
ion. It is not then the hydrogen which passes.throagh the liqaid 
Oroni one plate to the otber, bat a rapid succession of d^omposi'* 
^pns ; and as the first particle of water has parted with its oxygen, 
it is obvious that the last particle must part with its hydrogen. 

'' The some explanation applies to all the decompositions that 
take place, in the liquid interposed between the respective pairs of 
sine and copper plates. But it is usual to interpose between the two 
poles of the Voltaic battery, a vessel containing the water or other 
■ubstance to be decomposed. A platinum wire is made to pass into 
this liquid from each pole, and the series of decompositions may 
thus be observed. 

^' The nature of these decompositions was first investigated by 
Berzelius and Ilisinger, in a paper published by them, in Gehlen's 
Journal for 180i2.* They showed that a number of salu which they 
dissolvted in water, and placed in contact with the two poles of a 
galvanic pile, by means of iron orsilver wires, were decompoaed, 
thjB acid being deposited round the positive wires, and the base 
round the negative pole. t Ammonia was also decomposed ; azotic 
gas separating from the positive pole of the battery, and hydrogen 
gas from the negative pole. When lime water was tried, no decom- 
position of the lime took place.. 



•Vol. i. p. 115. 

t The salts tried, were — 
Salphate of ammonia. 
Nitrate of ammonia. 
Muriate of ammonia. 
Phosphate of ammonia, 
^orate of ammonia, 



Fmssiate of Ammonia, 
Common salt, 
Nitrate of potash, 
Bisulphate of potash» 
Sulphate of potash, 
Muriotsoflune. 
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dipt, the Tessel into which the negative wire dipt being Slled with 
pore water, and the two Yessols being united bj a slip of aabcstaH 
moistened with water, the acid of the salt made its appearance roand 
the positive wire, and the alkali ronnd the negative wire, before it 
could be defected in the intermediate space. But if an intermediate 
vessel containing a substance for which the alkali has a strong af- 
finity, be placed between these two vessels, the whole being uni- 
ted by slips of asbestos, then a great port of, or even the whole of the 
alkali, was nitrate of barytes, and sulphuric acid was placed in the 
intermediate vessel ; much sulphate of barytes was deposited in th« 
Wtermediate vessel, and very little or even no barytes made its ap^ 
pevance round die negative wire. Upon this subject a most mir 
nnfe, extensive, and satisfactory scries of experiments was made by 
Davy, having no doubt whatever respecting the accuracy of the gQu- 
0n\ fact. Indeed this paper of Sir H. Davy^constitntes one of the 
D9.08t important contributions, ever made to scientific chemistry, and 
threw a ray of light upon the chemical allinity, which may ultimately 
produce the most important consequences. 

" The conclusions drawn by Davy from his experiments, are that 
,aU substances which have a chemical affinity for each other, are in 
opposite states of electricity, and that the degree of affinity is pro- 
portional to the intensity of these opposite states. When such a 
.compound body is placed in contact with the two poles of a galvan- 
ic battery, the positive pole attracts that constituent which is nega- 
tive, and repels the positive. The negative pole acts in the opposite 
way, attracting the positive constituent, and repelling the negative. 
The more powerful the battery, the greater is the force of these at- 
tractions and repulsions. We may, therefore, merely by increasing 
the energy of the battery, sufficiently, enable it to decompose any 
compound whatever. Oxygen, chlorine, bromine, iodine, and acids* 
,|being negative bodiM, are attracted to the positive pole ; while hy 
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Jr«fCB, aikaliet, earths, oxides, metals, and bases of all kinds, be'mg 
pocitif e. an attnctsd to tlie negative pole.* 

S«eh are the electrical and sacfa the chemical phenomena produced 
bjr the Toltaic batterj. " 

Thk Icctoro has been extended beyond due bounds, because we 
wished to present the interesting quotations we have made, in one 
Tiew, and without diTision. To the next we shall defer their rigid 
•zaminatlon. They are in part correct and paitlj false, as we shall 
endeavor to show in the next, and shall make those facts, about 
which there em be no mistakt^i^sabserTient to the purposes for which 
ihese leetares are published. 

* If this Tiev of die subject, whkh is probably more confonpable totmtK 
than the view of Pomllei given in page 497 of this work-, be admitted, it will 
be necessaxy to modify die explanation of the way in which the electrical 
corrents pass, given in page 531. If oxygen be negative, and hydrogen poo- 
tivp. it is obrious that the posirire current will be attracted to the oxy- 
gen and moat pass tAroagli coe hydrogen. These currents by neutraliziitf 
the electrici^ in both bodleab will occasion the aeparanon of the oxygen an^ 
^rdtege&» aadpccdnce the dccoeopo^itions referred to, in page 531. 



LECTURE VI. 

Subject— GalYtnism— The changes in organie k inorgaiie Hatter. 



The present lecture will be devoted to the application of ihoso 
fiMSts and principles efgalyanism, which ha?e been ascertained by our 
own obsenrations, and those of others, to the -lurthcr demonstra- 
tion of the peculiarities of the theory we have assumed. 

Upon the gubject of the intimate connection which exists between 
electricity and the chemical changes, which are wrought in various 
substances, we qnoted largely, in our former lecture^-not because 
we oould not have given those ideas in our own language, and thus 
have appeared to have written original thoughts — ^but because we 
wished to insert the facts collocated by an author, so eminent as 
Thomson, the ** Regius Professor of Chemistry in the University of 
Glasgow, ** Scotland, in his own language, so that, for minds, that 
demand the authority of great names, we might have a convenient 
reference in the body of this work, reserving to ourself, however, 
It the same time, the privilege which we shall ever claim and exer - 
cise, of drawing our own conclusions from those facts fumiehed, as 
the data of our reasonings. 

The visible and probably invisible universe is nothing more nor 
less, than one vast laboratory, in which chemical changes are con. 
tinually progressing in an infinite variety of forms, and modifica- 
tions. The green mantle of vegetation, which clothes the earth in 
its beautiful summer Testments, recelycs its freshness, color, nour- 
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Uhment aud iDCrease from the air and t!ie alimentary substances 
tlie toil at its root, by means of a chemical change. The tree of tb 
forest, first germinates, ueTt becomes a little delicate twig, furlhei 
un in its progress we find it a pliant sapling, then it shoots upward 
with luxuriant, spreading branches, and downward with a firmer and 
deeper root, and becomes, at length, a stately Hu>narch of the wood- 
land, stubborn and unyielding to the wiutr][ blast. All this progres- 
sion is effected solely by a chemical change, which transforms the 
nutriment of the air and soil into wood. Even the solid rock has its 
infancy, its mauhood and its old age. It begins to grow, increases 
in solidification aud cohesive power, comes, to maturity, decays and 
crumbles again to a substance, possessing no power of cohesive attra/> 
tion at all. All this too, is effected by the potent agency of aeon: 
tinned chemical change. Even a pearly drop of water, embedded la 
the deep bosom of the moun tarns, may harden by chemical agencies^ 
and, in process of time, perhaps, form the Bparkling djtamond. 

Now we assume thatitis a proposition capable o( rationaj, abui^ 
dant and satisfactory proof, that every one of these chemical changes 
is wrought by the resistless influences of electricity, or the light and 
caloric of the sun, as it falls upon, and prevades the whole material 
of the earth, for this light and caloric ofnhe sun is the same thing, 
in fact, as electricity, which we i>ope abundantly to. demonstrate in 
its proper place. 

That reasoning oj superstructure of argumentation, which is built 
upon the immovable basis of self evident propositions, cannot be 
vveithrown by counter argumentation. It is perfectly impregnable. 
It is founded in the inherent nature and fitness of things, which 
change not, while all else in creation changes. 

Upon just such propositions we intend to build the superstructure 

^four argument, in proof of the assumed position, that all the 

hemical changes ve wrought by the direct agency of electr^. 
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^Jni0 laws which govern nature are nniform. There it no elaehinf 
among them. Were there any, the anivene of matenal lysteoia 
would exhibit one terrific scene of uproar, confusion, anarehj and 
ehaoB. The proposition that '*Uke causes produce likeeJSeets" is self, 
avident. It cannot be made any plainer to a sane mind by any pro- 
cess of reasoning. 

We will now condenit into as brief a space as is consistent with 
* hieid perspicuity the substance of the quotations of the last lecture,- 
eonreet what is erroneous, and then make such deductions and draw 
■veh conclusions as the undeniable facts in the case will warrant.— 
This is the substance. 

Bodies in opposite chemical states—that is — bodies which have tf 
4lDng affinity for each other, are in opposite dectrUal states^the ele^ 
■ents of all bodies or substances, which can be decomposed by elec- 
frieity are either positive or negative — evaporation does not evolvtf 
electricity — it is, however, produced by the combustion of charcoaf 
iiydrogen gas and other bodies, and also by vegetation. 

The constituent principles oi bodies go to the different poles of « 
Halvanic battery, and, by the influence of the electric agent, water is 
eeparated into its elements of oxygen and^hydrogen gas, the first of 
wbicfa is negative and the last is positive* # 

This is the substance^ in brief; of those quotations. With thd 
first fact, which they develope, we agree perfectly. The acids ar^ 
all negaUne and the alkalies are all positive. When brought in con- 
tact in the form of solution, a ^emical union takes place, by the force 
of the affinity or the chemical attraction, which exists between the 
two substance Si That afiinity or chemical attraction, which brings 
tha two bodies together, and effects their union into a new com- 
pmrnd, depends entirely upon the diffi^rent ingredients, which com- 
pose that new compoiuid. The i^kali is plus or positive, because, 
•■ W« baTe before shows, it is surcharged with more than a natoraf 
tbafe of electricity; JFbat electricity is arranged therefore with th« 
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positive polarity or iu ultimate particles outward, as in all sttichar 
gcd bodies, which emanation outwaxd, as we have demonstrated by 
the test of infallible experiment, constitutes it an alkali, and gives i* 
an alkaline taste. The acid is minus or negative, owing toitsto- 
tiintion of electricity, which destitution gives, as we have elsewbeie 
abundantly shown, a different airangement to the ultimate partiekf 
of the electric agent, by which arrangemeillf as in all minus or negt- 
tivo bodies, the negative polarity is presented, which eonstitatei 
any substance an acid or gives it its acid taste. Let no one suppose 
that tliis is a mere fanciful hypothesis ; for we have aheady demon- 
strated, that it depends upon an in/terent organic law of electricity, 
by an experiment with the galvanic battery, by which it is shown, 
that if a current be in at the tongue and out of the finger, where one 
pole is brought in contact with the one, and the other with the other, 
khas an acid taste, and iT in at the Soger and mH of the tongue, t 
strong alkaline taste, pro ving beyond contradiction, t&atan aeidanJ 
an alkaline taste depend upon the electrical condition, instead of 
the condition of inert matter merely, without regard to its electrical 
state. 

This suggests the thought, which philosophers would do well to 
investigate, whetA^ all tastes^ and every shade of taste in ponderable 
subatauces, do not depend upon the different modi^cation, or rathey 
the difieront proportions of the admixture of these two fundamental 
and essential tastes, rather than upon any inherent organic quality in 
mere inert matter itself. Reasoning from the admirable uniformity 
of uatores laws, but without having time, in connection with this 
work, to demonstrate it, we should draw the confident conclusion 
that it did. If electricity constitutes on alkaline and an acid taste, 
if*f not, with the same propriety, the sweet, the bitter and every 
other posaible shade of taste simply by the diffefent electric states of 
Vi!ios ? That it does, we believe could be demonstrated by dedue- 
txoos has«d upon the self-evident propositMir " that like causes 
r*,si^>t like etfecttf.** 
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Then eahnot be any mistake about the electric itatei of the alka- 
AHUidthe acids. The testimony of experiment is ahiform. The 
«W if always plus and the other minus, arid the degrees of their plus 
lodmimis depend upon their concentration. Being plus and minus 
fliey uiite when brought together. That union cxIiibitH force and is 
Btteoded with the violent commotion of a rapid cflTcrvescnce, as is 
ftffliliar to all in the union of tataric acid and Boda. Now what is 
Ifaat principle of affinity which causes the tartaric acid and soda to 
unite? Is it any thing inherent in the mere particles of inert matter 
tiieiqselres, which constitute, the soda and tartaric acid? We think 
not Upon conclusions drawn legitimately from all analogy we pre- 
djeate this opinion. Let us examine mere ponderable matter as crit* 
ietllj and minutely as we may, and the conviction will be forcibly im- 
pfMsed upon the mind, that it has no such inherent energy — no such' 
selfrmovisg power, as to prodiice a commotion among the ultimate 
paiticles of which it is composed so violent as that which occurs, 
when they unite with each other during effervescence. What then 
i's that principle of affinity which brings them together, if it be not 
flome inherent power belonging to the particles themselves? It is» 
without doubt, electricity, for it seems to have ajport of mysterious. 
indefinable^ but yet positive ability to take hold of the particles of 
ponderable matter, as it were with a tenacious grasp, and, by its own 
unaided energy, control their movements. We see not how else 
they are brought into union. But if this be the controllng agent, 
Which eSecXa the work, then the prooessby which the union is accem- 
pUdied is perfectly plain. There is no incomprehensibility about it, 
dzoept what exists in the essential nature and qualities of the wob- 
deroai agent itself. The one substance is surcharged, because posi' 
tiTe, and the other deficient, because negative. There is then, upoit 
prisoiples, which have been already abundantly explained, an at- 
traction between thajDpposite polarities of the electric principle, by 
which a plus and a minus are drawn together. Having, as we have 
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before remarked, a hold, by some mysterioiui organic law of iti 
•ential constitution, beyond the ken of chemical analysis or inFesI 
gation, upon the particles of ponderable matter, they are attraeti 
along with it, ard are thus brought, as we have seen, into a 
union, and a chemical change is produced. This chemical unic 
and change is nothing more nor less than the simple equalization 
a plus and a minus in substances, and by tnat equalization, a ningZ^^^^ 
compound substance is formed, rery different in the properties of i ^ 
combination from either of the two out of which it was formed^ 
And why? Simply because it is in a different electrical statlei. Th& 
simple compound, we say is very different from the two out of wluM 
it was^^formed, in all tlie properties of its combination, for this 
abundantly proven by the fact that a virulent poison may be mad 
harmless by a chemical union, and harmless substances be also mad 
virulent poisons by the same chemical union or chemical chf 
This is done, in all cases, by simply changing their electrical stat 
which state can be varied by an almost infinite variety of shades an< 
modifications, constituting color, tastes, motion, poisons, antidotes 
against poisons, and every other property and quality, which is man 
ifested in matter, except its bulk, ponderosity and inherent iireniless^ 
Upon deductions built upon fact and experiment, we belleVd'thii 
to be the true theory of all chemical changes in matter. Those cfaaii- 
ges are effected through the sole ageny of electricity. The "modus 
operandi'' of such changes may, it is true, be, in a measure, bidden 
sometimes from the inspection of the most acute, and may not, in a 
vast multitude of instances, be perfectly apparent; but still abetrnse- 
ness does not at all affect the reality of that agendy. ^it can be 
proven beyond controversy and beyond the shadow of a reaadnable' 
doubt, as it certainly can, that such changes, have been effect- 
ed by such agencies, then it is logical to' draw aft inference, from' 
that self-evident proposition, that <' like causes pi^6duce like effecti," 
that pfA««' changes, whose cause is more obse#e from certahi eil^' 
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tnmitancei that may surround th«ni, are produced by the tame agea- 
*^r in accordance with the same laws. 

la the quotations, wffch we have made in a former lecture, it will 
■M ifaeollected that Sir Hiimphrey Davy drew the conclusion, from 
t fveat variety of experiments, conducted withthe utmost care, that 
aB substances, which have a chemical affinity for each other, are uni- 
ferjily in opposite states of electricity, and that the degree of affinity 
is exactly proportional to the intensity of those ^opposite states. — 
Ifow, 'i£aU substances, according to the test of Sir Humphrey Da- 
vy's experiments, which have a chemical affinity, are in opposite 
electrical states, is not the union, which is effected by means of that 
affiniQr, effected simply, as we have shown, by tlic attractions of a 
positive and negative, since the laws of nature are uniform, and 
since 'Mike causes produce like effeetH?'' Or, in other words, that 
that chemical affinity, which exists between all substances, which will 
write, is nothing more nor less than electrical attraction. 

There are two ways in which mathematicians prove] the truth of 
their calculations to a demonstrative certainty. The one is by a dij 
rect and the other is by an inverse process of deduction. In the 
first, by a certain process o£ calculatiou or reasoning, they arrive at 
• eertain result, and, in the other, by taking that result for their pre- 
mises, and, by reasoning or calculating backward, they determine 
whether that process of deduction, by which they arrive at that re 
suit, is, every step of it, correct. By just such a plan of procedure, 
we can determine the correctness ^four previous chain of argument, 
respecting the phenomena of chemical union. We have, by a pro- 
cess of direct reasoning from cause to effect, come to certain conclu- 
sions. We will now, by an inverse process of argumentation from 
•ffoct to cause, prove whether there be any flaws or broken links in 
that chain. We have demonstrated, by an allusion to facts with 
wftich all are perfectly familiar, that the alkalies and tfie acids will 
unite by the influence of chemical attraction or of electrical attraction. 
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which ii the lame thing. Now, if we csn ahow that these 4»a ^^ 
eeparated again, particle from particle, by the same agent thatp'^ 
duces their union, then we, by inverse reai^ning frpm effect to esn^r 
prove beyond the possibility of mbtake,that electricity^ the efficient 
agent in the production of all chemical changes. And this has atre^' 
dy been shown in the record of certain experiments, contained in tbe 
quotations of the last lecture. 

It will be recollected by those who read the former lecture caC^' 
Ailly, that, by the experiments ofBerzelius and Hisinger, with * 
galvanic battery, as described by them in 1602, in Gehlen's Jouro^'' 
various salts in solution were separated or decomposed, and ftt^^^ 
acid of the solution was deposited around the positive pple and fi^^ 
base or alkali around the negative pole, m accordance with an i<^' 
mutable chemical law of the attraction of unlike polarities. 

The experiments of Sir Humphrey Davy, abundantly confir^ 
those of fierzelius and Hisinger. He found that, by increasing tb^ 
energy of his battery sufficiently, and with appropriate apparalit^ 
for the purpose, he co]dMecompose any compound body whatever / 
the negatives in all ciflls collecting around the positive pole, and 
the positives around the negative pole, thus proving that the eleC' 
trie agent, will separate compounds, as well, as form them, which 
we have heretofore proved. 

A question may here arise, as to the correctness of pur theory 
upon the subject of ponderable matter. We have assumed that it 
is a simple essential principle, 9t(A that all its infinite variety of mod- 
fications of every kind, are caused alone by the imponderable prin- 
ciple, which controls and arranges all its particlee, as we find them 
arranged. 

Now this may be denied from the fact, developed by the experi- 
ments of the beforementioned chemists, that one ingredient of a com- 
pound in ^lution goes to one pole of a galvanic battery, an<Mhe 
other to the other pole. It may, from this fact, apd with great 
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^^•luing placLiibility, be argued that the two ingredientu, which go 

^ •pposite poles, called alkalies and acidi, must be matter iiihe< 

*lMlj diffiirent from eoft other, and that, on account of that inhe • 

^ leat difference, the separation takes place. Such an inference, how- 

•m, does not necessarily result from the premises. It can, in fact, 

U shown to be erroneous. It is not separated into constituent in- 

giedienta by any repulsive force, which exists within it inherently* 

becanse, if such repulsive inherent force did actually exist, the acids 

aod the alkalies would not, under other circumstances, exhibit an 

attractive affinity at all, but would forever, and under every possible 

Tuifity of conditions, exhibit the same stubborn repulsive power, 

and, therefore, never amalgamate, as they do, when a new com- 

poand is formed, by the eiTervescence of tartaric acid and sodu. 

This fact, that repuUioa takes place under one set of circum- 
ijances, and attraction uudcr another, speaks volumes in favor of 
the validity and truth of the proposition, that the alkalies aud acids 
are united as in solution, and separated again, us in the galvanic 
experiment, entirely in both cases, by the ftipe of electricity, exerted 
over their particles. This must, in reality, amount to a demonstra- 
tion, in the view of every mind acutely philosophic. 

*.* But, " says the enquirer after true science, " there must be 
something inherently different in the nature of the particles of the 
alkalies and the acids themselves, or else the positive polcof the 
battery would not attract the acid, nor the negative the alkali, but 
they would move indiscriminately either way, and not be decom- 
posed at all." This assertion, hftwever , is predicated upon the sup- 
position that a particle, that'vvas alkaline before being compounded by 
SL chemical union, is also, alkaline, when separated by the energy of 
the galvanic battery. But, at the risque of differing with the whole 
body of chemists, we shall affirm, that this, by no means follows as 
a necessary consequence. It certainly can, with greatjplausibility, 
at least, be made a question, whether parliolei may not more ia- 
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ditcriminately to eitker pole, and there, by the peculiar inflaenoesi 
which we know the two opposite poles of a galvanic battery exert 
over substances in contact with them, an#* which are confetiedly 
very mysterious, be made either alkaline or acid by diat contact.— 
/Thb supposition we know would do violence to the prejudices and 
prepossessions of many schplars. But why should it? Does not 
electricity evidently demonstrate, that, within its own inherent or- 
ganic nature, is laid aUmei the basis of the alkalies and the acidi, 
by the experiment upon the tongue with the inward and the oat' 
ward current of a galvanic battery ? This will not be denied and 
cannot be, for *' facts are stubborn things, " which cannot be gain- 
sayed, nor resisted. Are they not, also, as we have abundantly 
shown, both decomposed and recomposed, and therefore, controled 
by the electric agent, which would not, and could not be the caee, if 
the two apparently opposite ingredients, which form the com- 
pound, were inherently different in their own organic nature, inde- 
pendent of the influence of imponderable matter ? Most certainly. 
For they would never thus separate and unite again, did the force, 
which controls these opposing movements, reside within themselves. 
Besides, it is a fact revealed by both the researches of geology, and. 
the experiments of chemistry, that the very same substance or mass 
of substances, yea, the very identical ultimate particles of a sub- 
stance, may change their nature from age to age, by chemical pro- 
cesses wrought upon them. 

A substance, for instance, laay have been animated flesh and 
bones, as in the mighty army of Xerxes, when he invaded Greece. 
That army, having been mowed down upon the battle field by the 
yictorions invaded, may have mingled with the soil, upon which 
they fell, and, by their putrid blood, and flesh and crumbling bones, 
have niad#Ji» soil luxuriant. Out of it may have shot up a fores' 
upon the^1^|polated waste, and this flesh and blood and bones hsv 
been reformed into a grovs of stately trees. These trees, in th 
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Y^Voliitioiif of time, may have been swept away and buried by a del- 
H«« Tbere, within the bosom of the earth, they may have nnder- 
C^tte another change, and have been reformed either into solid rock, 
^ beds of bituminous coal, to become the subjects of still further, 
*BdeqaaIly remarkable transformationsybeing burned, and resolved in- 
^9 vapors, gases, ashes & electricity.. & prepared to enter, in this state, 
^to the composition of an almost endless variety of other substan- 
^M. This supposition, which we have mode for the sake of illns- 
tiition, is no fancifi^I cljimera of the brain, but well authenticate^ 
•etlity. 

Geology ^chemistry prove,thatsuch transformations have been occur 
nog in all ages, and that they are continually occurring at the present 
time. And lest it should be said, for the purpose of weakening or 
attempting to invalidate our argument, that such transformations are 
never made of a substance,' except the new formation be of the 
pame nature as the old one, out of which the new was organized, 
and, that a combustible furnishes the material for a new combustible 
formation, as wood and other vegetable matter,for instance, form bitu- 
minous coal, we would reply that such an assumption is proven 
jalte entirely, by the transformation of wood into that kind of stone of 
the hardest (Mid finest quality, which is called ** the hone, " by de- 
positing the wood a few years in one of the lakes of Ireland. 

Wo might exteu^ our remarks upon the subject of the chemical 
changes of the character spoken of, until they should ijil volumes, 
for they are almost infinite in variety. But sufficient has been al- 
ready said to prove to a demonstration from the data of incontrover- 
tible fects, that the forces by which chemical changes are wrought 
in ponderable matter, do not reside inherently in tjiQ substances 

I 

themselves, or belong to their organic nature ; for if they did thus 
feside, we hold it to be a proposition capable of the clfarest and 
moM logical demonstration, thut no such transfonoation of sub- 
stances could ever possibly occur, but there would, then be one 
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changeless, unvaried scene, wheie now all is variety and ceaseleu 1 . 

mutation. 1 

Ise 

)y<3 now leave this branch of our subject, with the feeling, ho^- 
pver, that much more might be said, had we time and space, and that 
}vhat we have said might have been vastly more appropriate, had ^^ 
the ability of some, to whose attainments we presume not to aspU^- 
|n a subject as abstruse as that of the principle of chemical aflinili®"' 
it must be expected that very many things will be passed over, wi^' 
out being made perfectly plain^ and ii^teUigible to all. Our obj^^^ 
^as been mainly to seize upon strong positions of lucid proof, wh^^ 
^ere could be no mistake or deception it\ our reasonings, or qvA' 
sion of their propriety by others, and then from such strong positio<^ 
draw reasonable and logical inferences, respecting subjects hlO^^ 
abstruse and diificult. 

The electrical condition of oxygen and hydrogen gas — and mo'® 
particularly of oxygen, we shall now consider minutely, because *■ 
is, as we shall show, the most essential agent in chemical chang^^ ^ 
that exists. 

4 

There are, in the quotations which we made in the last lectuT^' 
two clashing theories respecting the relative electrical state of tho^J^ 
two gases. 

M. Pouiliet, a distinguished chemist, by a variety of experimentM' 
very carefully conducted, as we have seen in the quotations of the last 
lecture, came to the conclusion, that oxygen gas was positive an^i 
hydrogen negative. 

Sir Humphrey Davy, on the contrary, from the test of experiment, 
came to the conclusion in the same quotations that oxygen is neg- 
ative and hj^drogen positive. 

With this opinion of Davy, Mr. Thomson, who collocated the tei- 
timony of the two, and from whose valuable w;prk we made the ex- 
tracts, seems to coincide. 

Now, when such men of deep and careful research, and critical in- 
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'*U«ctiial acumen as Pouillet, Davy and Thomtom disagrte, and take 
P^^ahioni directly opposed to each otlier, what shall we do, to detcr- 
^^^ which ia right, and which is wrong, for right, boih certainly 
^lUiotbe? Why, examine critically the positions of each, accor- 
^^ to the best light we have, and endeavor, if possible, to ascertain 
^here the error lies. 

The first subject of investigation is oxygen, which, as we said bc- 
^f^if, is a yer^ essential agent in the chemical chaugen, which are 
^otinually occurring throughout nature. 

This gas was discovered by Dr. Priestly, in 1744, There have, 
■ince its discovery, been given, several appellations, indicative of 
iti nature. Priestly called it dephlogisticated air. It was called 
wyyr fla / flir, by Scheele, and vital air by Condorcet. Lavoisier gave 
it the name, which it now bears, derived from two Greek words, 
which signify to ge nerate acidf from its being considered by him the 
sole cause of acidity. 

This gas is colorless, has neither tasle nor smell, is heavier than 
atmospheric air, has not, by any experiment hitherto made, been 
decomposed, is a non-conductor of electricity, emits both light and 
heat by the force of sudden compression, and, according to the opin- 
ion of some, is the most perfect negative electric in existence, al- 
ways appearing at the positive pole, when any compound, which 
contains it, is exposed to the action of galvanism, which opinion, 
we shall, however, endeavor to show, is entirely unfounded. 

Oxygen has a very powerful affinity or attraction for most sim- 
ple substances, and, indeed, it may be made to combine with all. — 
By such combination, it oxidizes or corrodes the metals, which 
oxidation is a species of combustion. It is also, the sustaining prin- 
ciple of fire ; for the sole reason, why fuel bums freely in the open 
air, or ia smothered by cutting off its cpmmunicatiou with the at- 
mosphere, is because, in the one case, its ignition is sustained by its 
affinity for oxygen, which it attracts from the air, and, in the other^ 



i.A<.»{»Rv«M Jt iB tgDTQDraas iapqy ^ prodace the chemical 
jft --vipMaDitt iTiiariua. 
■%&l ^^■«BK«Sv '▼oivh '■▼ul bm n the op«a air. will deflagrate 
.■•xtt rtt^yiulv imi jnilianiiy m jxyj^a. If there he the lets I 
?«i«epi»ie ^ifnnc. :ur -zis«aiK«. inua i plec« of wood, it will in- 
■anciv- Jiiwt aio i iercs Jixce. ^raea juer:»!d in a jar of thisgai.— 
to* *«>-u >«e^' iuii pm ^il irun -snoi nqhi and intense hril'iancy, 
«csfca :iMs .a£«rte«i r!i« ^luinear. aawe^er. ±at the oiTgeniaex- 
^-"»**i«i Ik :ae!uw.':u .-juioiaauoa •xidi ae bamLn? boJj, the igni- 
ivK -soa*-. uisuiii^i -jie ?;u?tiaace 3wy ao: iii-.-'i been cutirelycon- 

CVrre in* Jtaer .a:tn;s;:a;; jjrmnjiyjri-f-u. *:i"I. T-lica will illustrtta 
■u* tacim! jf uixv^n^ss. I: ««nis :j be la ibsohirely essentiil 
4«^iic u '^K^Lratioa. No i:::ji>ilcan live bj :ri~..iT 'n? an atmosphcW* 
•■•fiica i%w* aot otmcim i ctirtaiJi roj-dcn cf oivjea. uncombinttl 
%:m JiOMr juOtfGmces: 6>r he will die renr soon, if forced to brettk 
*JM «ir, oiKC af which the oxjzen ha« been entirely extracted. 
IT a Tt^tmi caodlw or t&p«:r be immersed in it* its 'flames will be exr 
aoptnotfJ- Kes^piration and combustion therefore require the pre* 
MBett di'che sam« sastainmz a^ ent. An animal cannot live in an 
aOBiMpharv which is unable to support combustion: nor. in general 
cJtt a onvUt hum in air which contains too little oxygen for respira 
cztm. 

There b another singular property about oxygen. Although 
e«ctuA portion of it i» absolutely necessary to sustain respiratipi 
yefc VK ottinlxed atmosphere of pure oxygen is as fatal to life as ii 
destitution, though not so speedy iu its eflects. -When an anima 
a»a rabbit for instance, is supplied wiili such an atmosphere, no ii 
•onveiuenee is at first perceived, but, after an interval of an hour ( 
xnoKf te eurculation and respiration become very rapid, and the ay 
t»Qi in S^aeral highly excited, symptoms of debility subsequent 
•OBtie, follovted by insensibility, and death occurs in six, ten or Iwel' 



OF MATTER. 107 

ours. On examination after death, the blood is found highly florid 
n eveiy part of the body, and the heart acts strongly oron alUr tho 
iieathing has ceased." 

From the facts described above, these are tlie influences, in iub- 
itince, of oxygen gas. It is the prime agent of the oxidation of all 
XRtals, th6 great supporter of combustion, and gives vitality , warmth 
and purity to the blood, as it circulates tlirough the system. 

Now are th^se the influences of a negatively electrified body?— 
^iH a substance, which is minus, aid in sustaining flame, while ono 
tiitt is plus puts it out? Is there any thing in the inherent nature of 
positive electricity to produce such a result? Is it either a piinci- 
pie of cold or dampness, that it siiould extinguish Are or chill the 
^lood during respiration? It seems to us that any one, who under- 
■taads the nature of the electric agent, con be at no loss for a ready 
^Ofwer. Even plain, unlettered common sense, could hardly fail of 
^Auing to a correct conclusion. Such properties as belong, inher- 
ently to oxygen gas, and such agencies as it exhibits, beyond contro- 
^rsjror the possibility of mistake, in contact with various substan'; 
^M, are entirely inconsistent with the properties and thcf a^tocie^, 
"^hich we know belong to negative bodies. Carbonic acid gas, for in- 
Btaoce, is a negative body. Does it sustain combustion or respiration. 
u, reasoning from analogy, we should suppose it would? No. But 
its influences are directly tlio reverse of those ascribed to oxygen gas. 
Instead of sustaining the ignition of fu6l, it immediately extinguishes 
flame, and instantaneously stops respiration, instead of promoting it. 
Now, if the maxim, that *' like causes produce like effects," be a 
Mlf-evident proposition, as it doubtless is, can oxygen gas and car- 
bonic acid gas be hodi negative bodies, when the inherent properties 
and agencies of the ons are directly the antipodes of the other? The 
Conclusion that they are, must, it appears to us, be considered, whatf 
viewed in the light, either 6f sound logic, or unlettered cottrmoh* 
f«nse, av preposterous in the extreme. The fact is PouiHetwaiT 
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right andj^^vy and Thomtdh, his opponents in theory, were wrong. 
Oxygenpttif jMmCioe, for no agent can exhihit the same infljieneea, 
without being positive, if there be any certain^ at all in the source 
of our chemical knowledge. 

The further discussion, however, of this interesting and important 
•abject must be deferred to the next lecture, where we hope, by so 
array of facts and arguAitnts, to prove conclusively, tha^oiCygen gas is 
positive, and also satisiactorily reconcile those phenomena with this 
theory, where it may seem* to be negative*' 






LECTURE VtL 

SUBJECTS— OXYGEN— nYDBOGEN. 



This lecture will be a continuation oftlic description of tboso 
facts connected withblectricity, which hgve been developed by gal- 
vanism, and by experiments in other departments of chemistry, as 
well as an examination and (xpo.sure of falsities in theory. 

The first subjcjct of attention and remark will be oxygen gas.— 
WeJiavc already, in a former lecture, described soipe of its most ei- 
lential agencies, and endeavored to show, by conclusions drawn froni 
both reason and analogy, that those agencies were entirely, incon* 
sistent with the idea of a negative body, for we could not see what 
principle there was in mere negative felectricity, or amere absence 
of it, to support combustion, so as even to make iron and steel de- 
fllkgrate with intense brilliancy, or how it shoald," as we shall en- 
deavor to prove that it does, impart vitality and warmth to the blood, 
supply fuel for tliat steam, engine of organic life, the heart, and en- 
able it to propel the purple current with such force through all the 
channels made for its circulation through the systiefu. As the opin- 
ions of Davy and Thomson upon this subject were, beyond the 
shadow of a reasonable doubt, incorrect, and as they clashed with 
the conclusions to which Pouillet came, by expftriments equally 
cautious and critical, it;^may be well to «xaminc the premisei, from 
which they drew their conclusions, and sec if they have not mistakeil 
them in some very essential matters. « 



.«.«M«- . .. •.:-: . :-. . »:-. ..i: :.• . '"- :>eper« 
. .■'le'-t-i i:- :tfMi« ^:..:. .".■.. '..:^ ■_:-.:■■,.:. )':-.l::i of 

. -^ ..:<:uiBpn!«iur>iu. J'/ "ift i:"..:i of gclvanisiii. chlr 
-..».-. i«i*n»5 ovfi iT.^. * y-'.:'s --•.•.ractetl to the positive 
..wi lu) iiiUiilinfi, «iarth*, ox'tdhi, metuls and bases of all 
. •■- .4iu.irii'<I III till] iii'gulivo pole. By ineaua of ihc dciicai 
:i«i (.uiideiiitur. ihuy h.-ul aNcerUtiucd, that tlic first class of sul 
• '••«.u)«:rdLed weru ur^ative. oiid tJie otJier I'o.sitivo. and tba 
.:;.it. rroiiiiiie, iodine a:iJ .i^-ijj! were attracted to the po 
- L«= nuj:.^^ at?rac-»oi» ■.*:' v. h*.'r. ^ccordiug to their tl 
.'.. ■ ^-^ lii--^-? '.'It'i.:: c.-j?. bi;: wlii-jb we cojisidcr, i 
■ — .sh '^sl:. iUu Jia: :I:o il^i.»!:.'s. earths, oxides, i 

..•^« ■■ - i»;--i.;tJ :•.» i:.." 1-^:1 '.Ive |»oIe. by the operati 
.. ». ■-* «v .t; ;A^.-^r;jient.s, they also asccrlnined, tha 
w.*u V IK \;o»i live polo with just as much cc 
^ > w jCLJs. or any oilier bodies of the ir.os 
^ ^ ,. -.N* .iu: me v>dier constituent of water, ilio hyd 
. ■ .... .^Aiu.-uv and uniformity was attracted to the 
c k» .xuiicd or the most positive bodies. 
..'i V w.-- jii t^ry plausibly too, that oxygen was 

.. .iv . - ^o • .v*.;iv«j. since they obeyed tht) same la* 
. . .-> ^.w . . V .lifli tie j^utivc substances. 

. ■-,. -1^ . ^t..u»iOJJ, consists their error, if in erroi 

vii ..- ^u;. '^ere id perfectly evident, biuce the 

'* ■-. o" ■ ^ ■' •- vizii^Atii: i>oiu lliose of any known nej 
u»l -..^ii ... -...-...a. .* k jjlauco. conclude wero positive 
'it., i .* J JL..,. .0 .■^. .w«.aw.«4 i;t' their conclusions, wo are 
». -.^iL. . ■- . -s iw. .-.ior consists. This wc arc 
.i.,... ... .1 ^. iiv wusfaction of those, wh( 
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. QiATe stubborn prep o»?e«riua« Ij -.-iKv'^-. VtLvctTi^ smsu 

i ^Upair of convinci.-iv even th^-r. £is*p: :i.rr« b* 4ppp »-»>*>*>j 

- ttmi, that conslJer grez: n^7s»f & fTz^t ez: cr&MUliiiincf ;k* 

tqntfa ofa preposition. viL-::! :ri*7 13:7 tii &:t:*. so acisrrr iicw 

wme may be their arz-innen:;. s^r i'.c- ro=:rirT :;. :'l?!. i:jtj«*- 

If oxygen gas be posiil-. 5. v.j.;. i.^j .: f .;;:*-.■ -^i: li^r. wL.ci u 
Ve hare seen. reguLt?- -"! : ^.-.-..-.t s-^l^-V-rj-:*?. lt., r:- ic- :h* j«o§-- 
_ ^Te pole, instead ofg-j ::j to ::.r T^rz^'...z. a w^} t!! do. fi.=jp:/ 
>.^ beeanse it is a fiw Instead 0:* -n 'j>-f.' ii .a :!* cihj^ csj«-f aJ'^d*^ 
•^ ! to. It is electricitr in«ieiJ 0: a"* <^':: :ii*re!v cfel-e^tric.rr. 
\4 ^^ acid*, being negative, in jtp tD tiie po-.'^ve po!e. b«<%::M op- 
^ ponte polarities, according to :iie inheoict liw? of oj posit* polvi- 

3 ^» bring them there. But oxyg*:n r:*e? fro a lie positive po'* fot 
^^other reason esseati^illy dij^tnnt. It is cc-C'tltnttd br the potitlre 
;. I <SDfT6nt itself, instead ofueinz coiiectcd and constiiated br anr m^r* 
B ^faet of that current, arri rise*: tler^f.-'e. from 2t« own pole, in- 
J "teadof moving to the negative poi*. L.-.d iLcrc rlfing. This w© 
^/ conceive to be tlie ox'jf rational and pii'isille. and indeed the only 
:. fon\ilU reason why oxygen, if positive, is aniformly found at tfa« 
positive pole of the battery, while al! negativei sbOTe there, accor* 
(n|g to the laws of electrical attraction : — for, onless it be, as mm 
have assumed, electricity itsdf. instead of any tfftct merely, no rea- 
flOB could be assigned fur its moving to tliat pole, eicept it were neg- 
ative, which, as we have already showi^cannot, in accordance with 
tha uniformity of natures laws be correct. 

" But, " says the objector to this proposition, " electricity, or 
galvanism, is an imponderable principle, which exhibits nopercep 
tible weight at all, but oxygen gas is a substance, more dense than 
most gases, and heavier even than atmospheric air. 

Tliat we acknowledge is true. It is heavier than tlie atmonpliere. 
Oad. electricity exhibits no weight nt all, that can be detected by th& 
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Tery nieett and miiratest ballances. But does this disprove our 
■olotion 0^P4b* apparent anomaly. By no means. It may contain 
^plmiMmit of the battery, which, however, in its action upon 
the water, collects to itself certain weighty constituents of that water, 
which it formf mio the vehicle or medium, in which it is borne, the 
same as vapor, which is an association of mere vesicles, formed of 
certain constituents of water, enclosing caloric, the generating 
■gent which, by the way» will illustrate, the formation of oxygen 
gas. During the generation ef vapor by caloric, no positive electric 
effects are perceptible, according to the testimoiiy of M. Poaiilet 
and Thomson. In this case, caloric is the cause of the vapor, arrang- 
^ig for particular use, the watery constituents of the vesinle, in 
winch it encases itself, and becoming invisible and imperceptible 
during that encasement. When, however, by the proximity of any 
chemical attractions or affinities, which call it forth fVom its encase- 
ment into visibility, and make it burst the vaporous vesicle, which it 
bad formed for itself, it then exhibits the phenomena of posiUve elec- 
tricQr distinctly i^nd strpngly marked, as we shall abundantly sho^i 
when we come to the cause of the nimbification and electrical dis- 
charges of the stormcleud. 

Now, what caloric does for itself, in the formation of its vaporoy 
▼esicle, we consider that the positive current of the galvanic battery 
does for itself, in the formation of an encasement for itself, out of 
certain dense and weighty ingredients of the water ; — which cause, 
together with its encasement, constitutes that heavy, invisible va- 
Dorons air, wh\ch we call oxygen gas. 

While thus encased, its positive properties, like the creating 
agent of the vapor of water, are imperceptible, and are never re- 
vealed, except when certain strong chemical affinities, or attractions 
call it forth from its imperceptibility, and make it burst assunder 
the encasement, in which it had hidden itself, and show the re- 
tistlcM energies of its nature. 
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ia thb} way, and in this atone, it seems to U8, can the appearance 
of the positive oxygen at the positive pole of the battery be accoun- 
ted for, when ail other positive substances go to jttC negmtive 
pole. It is a cause rather than a result. It is positive or plus elec- 
tricity, so encased as we have described, rather than any effect in 
the same sense, as the collection of an acid around the positive wire 
can be considered an effect. 

Oxygen gas, has ever sine e its discovery by Priestly, been, consid- 
ered a simple substance, and been thus classified. But the zeasoa 
of this is, because no chemist has yet been able to decompoM it, 
and demonstrate that it is a compound. There can, however, be 
no doubt as to its being a compound body, if electricity, in combina- 
tion with certain ingredients of ponderable matter, can be called a 
compound body. This is proven by the fact, that, although chem<> 
ifits have not been so fortunate as to succeed in decompoffiig it, it 
has been decomposed, and is continually undergoing aproceMof 
decomposition, in that natural chemical laboratory, far more perfect 
than any artificial one, possibly can be— tA« lHng$~''&9 we shall show 
abundantly in another connection. 

Now, the reason why chen^ists have not succeeded in decompoS' 
ing this agent, and resolving it into its elements^ is, we preaome, 
€wing to the fact , that the essential or causating principle, is to 
very subtle, that it cannot be controled, and so very powerful, that 
its attractions for its encasement resist all the counter attractions, 
which chemists have arrayed around it. 

Hydrogen gas, which is the opposite of oxygen, will now be 
briefly examined for a little while, and aflerwardd we ifaall remark 
upon some influences of both in connection, which will further illus- 
trate this subject. 

This gas was formerly called inflatnahle air, from its supposed com- 
bustibility, and pJdogiston from the supposition that it was the mat- 
ter or principle of heat. But its present name is compounded of 
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•WO Greek words, which signify lo generate ttatcr, from the fact * 'fr 
when changed by combustion^ it constitutes water. 

Ai we are obliged, in support of the proposition, that hydrog^^" " 
negative, to examine the subject crrtically, and to show the falsify 
prevailing theories upon the subject, we shall first quote th© '^"' 
guge of a celebrated author, and then examine those sentiment^ ' 
oortelvei. Here follows an extract from Turner. 

" Hydrogen is a colorless gas, when pure, has neither odor ^'^' 
taste, and is a powerful refractor of light. Like oxygeu, it caimot ''^ 
resolved into more si.nple parts, and, like that gas, has hitherto ^^' 
listed all attempts to compress it into a liquid. It is the ligbt^^ 
body in nature, and is consequently the best material for filliug b^^' 
loons. From its extreme lightness it is difficult to ascertain its p^^' 
eise densi^ by weighing; because the presence of minute quantiti^ 
of common air or watery vapor occasions considerable error. 

'* Hydrogen does not change the blue color of vegetables. It ^^ 
sparingly absorbed by water, 100 cubic inches of that liquid dissol^' 
ing about one and a haU* of the gas. It cannot support respiratioi^ 
—for an animal soon.perishes when confined in it. Death ensu^^ 
from deprivation of oxygen rather than from any noxious quality of 
the hydrogen ; since an atmosphere composed of a due proportion 
of oxygen and hydrogen gas may be respired without inconven- 
ience. Nor is it a supporter of combustion ; for when a lighted 
candle fixed on wire is passed up into an inverted jar full of hydro- 
gen gas, the light instantly disappears. 

** Hydrogen gas, is inflamable in an eminent degree, though, like 
other combustibles, it requires the aid of a supporter of combustion. 
This is exemplified by the experiment above alluded to, in which the 
gas is kindled by the flame of a candle, but burns only where it If 
in contact with the air. Its combustion, when conducted in thi. 
manner, goes on tranquilly, and is attended with a yellowish-blu-^ 
flame and a very feeble light. The phenomena are different when 
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h« ^y ^iirog^ is previously mixed with a duo qtiautity of atmospheric 

^^'* *I?he approach of flame not only sets fire to the gat iftar it, but 

"^''^Hole is kindled at the same instant ; and a flash of light passes 

^^*€h the mixture, followed by a violent explosion. The best 

proportion for the experiment is two measures of hydrogen to five 

^ Six of air. The explosion is far more violent when pure oxygen 

^ "'ised instead of atmospheric air, particularly when the gases are 

"^iXe<i together in the ratio of one measure of oxygen to two 

of hydrogen. 

Oxygen and hydrogen gases cannot combine at ordinary temper- 
•'^■^ and may, therefore, be kept in a state of mixture whhoutevea 
^'^^Ual combination taking place between them. Hydrogen may 
Set on fire, when Hi contact with air or oxygen gas, by flame, bj 
*olidbody heated to bright redness, and by the electric spark. If 
<J*t of hydrogen gas be thrown ^upon recently ''prepared spongy 
***^tinum, this metal almost instantly becomes red-hot, and then sets. 
^*^ to the gas, a discovery which was made in the year 1824, by Pro- 
■^«8or Doebereiner of Jena. The power of flame and electricity, in 
'^^Using a mixture of hydrogen with air or oxygen gas to explode, is 
^^XQited. Mr. Cavendish found that flame occasions a very feeble 
^^pTosion when the hydrogen is mixed with nine times its bulk of* 
^fair ; and that a mixture of four measures of hydrogen with one of 
air does not explode at all. An explosive mixture, formed of two 
measures of hydrogen and one of oxygen gas, explodes from all the 
causes above enumerated. Biot found that sudden and violent com-, 
pression likewise causes an explosion, apparently from the heat 
emitted during the operation ; for an equal degree of condensation, 
slowly produced, has not the same effect. The electric spark ceases 
to cause detonation, when the explosive mixture is diluted with 
twelve times its volume of air, fourteen of oxygen, or nine of hydro- 
gen ; or when it is expanded to sixteen times its bulk by diminiihed 
pressure. Spongy platinum acts just as rapidly as flame or the elec- 
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«^ Aire 
trie 8park in producing explosion, provided the gooses are quite J^ 

and mixed in the exact ratio of two to one.* Mr. Faraday find^- ^ 

platinum foil, if perfectly clean, produces gradual though r^^^ 

ifap id combination of tlie gases, often followed by explosion. (^** 

Trans. 1834.) 

" When the action of heat, tlie electric spark, and spongy pl^^" 
Qum no longer cause explosion, a silent and gradual cobiIhoa^^^ 
between the gaasesmay still be occasioned by them. Sir H. I>»^J' 
pbser\'ed that oxygen and hydrogen gases united slowly with o/^^ 
another, when they are exposed to a temperature above the boiU'*o 
^oint of mercury, and below that at which glass begins to app^^^ 
^iminous in the dark. An explosive mixture, diluted withtair to t^^ 
great a degree to explode by electricity, is ma^ to unite silently ^y 
a succession of electric sparks. Spongy platinum causes them **^ 
unite slowly though mjjxed with one hundred times their bulk ^' 

oxygen gas." 
1^ the examination of this subject, and in commenting upon tb^ 

facts developed and the positions taken in tlie extract, we shall do i^ 

in the order in which they occur in that extract. 

It is said that "hydrogen gas cannot support respiratjpa." An^ 
why not ? It is affirmed that it is not because it contains any dele- 
terious quality, but because it is simply deficient in oxygen. We 
grant that all this is true. It will not support respiration and conse- 
quently life, when unmixed with oxygeu, simply for th^ want of that 
oxygen. 

Now what is there in the oxygen and not in the hydrogen, which 
supports respiration and life ? We affirm that it ie positive electrici- 
ty, witli which the oxygen is charged, and of which ^q hydrogen is 

*For a variety of facts respecting the causes which prevent tjie aoUim of 
flame, electricity, and platinum in producing detonation, the reader may 
consult the essay of M. Grotthus in the Ann. de Chimie, vol. Ixxxii. ; Sir «. 
Davy's work on Flame ; Dr. Henry's essay in the Philosophical Transac- 
tions for 1824 ; and a paper by myself in the Edinburgh Philosophical Jour- 
Tial for the same year. 
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^»t entirely deficient. Dy examining the phrnouiena ufrcRpira- 
" ■** the fltroDg lighl of the facts, which cheini^try thrown upon tha 
J^ot, we shall be convinced that this is tiio case. What are the 
pherjotueua of respiration ? 

''^•len atmospheric air is drawn into the hmgs by inhalation, a r»»- 
^""•^iible chemical change takes place, through its influence upon 
^^rk venous J>lood in its passage through the lungs, where, in 
® 'tlijbmerablc veins, and air cells it comes in contact with the at- 
^sphere. The oxygen of the atmosphereis decomposed, the im- 
" ^derable principle of the oxygen, or its electric cause, enters in- 
^no blood, ndutralizesby a chemical change, certain deleterious 
P'^operties, which, if retained in the blood, would destroy life, tho 
Ponderable encasei4lftnt,!of the imponderable principle, whatever that 
^i^ement be, is exhaled again, the blood changes from a dark pur- 
r *^ lo a florid red color, in part by being unloaded of it>car^onic acid 
it^s, and the streams of life are purified from all stagnating causes 
' ^ild qualities, vivified and filled with their vital and energizing 
^armth, by the electricity infused into them. Is not this, in brief, 
the reason why oxygen gas is necessary for the support of life ? Is 
))ot animal heat or the heat and consequent Huidjty of the blood cau - 
ed by the positive electricity contained in it? Is not this in fact, tho 
principl^.of mere animal life, since the blood is that animal life ? — 
Were tliis gos nrgatirr, could its tf/cts m-un the blood be such us we 
find them? Could a n/^o^o^ire body impart ^faf at all,^iMce the ab- 
sence ofelectricity is the absence of d^ essential principle of«fire or 
heat? The appropriate answer to tliese questions is perfectly obvi- 
ous. ' All must, we think, from these facts and reason.-', conclude that 
oxygen is, and must of necessity he, positive, and hydrogen is conse- 
quently negative, since it is the very opposite of oxygen. Bat there 
is still further proof to be drawn from the extract itself. 

Some there may be, who ma^ still affirm with the books, that hy- 
drogen must be pQsilive^ siur^e it is kno\v!\ to l»c ••i:inam:i!)le in an 
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eminent d(*grre" in Uie 'aigunge ofUie extract from Turner, oik' jhe 
fore, contrary to the assertions above, it mu-ik contain the prinfiip 
dPfve. But chemi^tfl liave been entirely at fault in this positioB.- 
The fact i'*, ii is not infi'imahlc at all, which fact is capable of such lu 
ciil and p*»rfortIy h)gtc:il demonstration, as must satisfy every ingen- 
uous and unprrjudiced mind. 

Although liydrogcn U affirmed to be inflamable, yet. it is 8aid,ii 
the same breath, that it is 'not a supporter of combustion," whichii 
a palpable contradictiou^n terms. Can any substance contain ll* 
principle offiro. or bf combustible, without having, at tlie same tiB» 
the power to sustain combustion I The thing is impoaflible.-^ 
••When," in the language of Turner., "a lighted candle, fixed on * 
wire, i? passed up into an inverted jar full of hjj^ogen gas, the light 
instantly disappears." Now why is tliis? Ifnydrogen were i* 
Jlnrmihle, would it put out fire? The idea is perfectly absurd. On^ 
inightjust as well, and with just as much reason affirm, that fil* 
Vb'ould pnt out fire, as to affirm that an ipfiamable gas would put oH^ 
fire. 

To show the difference between the two gasses, if a lighted candltt- 
be inserted in a jar of hydrogen, it will be extinguished, but if there 
be the least 9|>ark or smoke at the end of the wick, and it be inserted in 
ajar of oxygen, it will be instantly relighted, and so, by . inserting 
the candle alternately in hydrogen and oxygen, it wi^ alteAately be 
pat out and relighted, until the two gasses escape, or tne candle is 
consumed. Now which appears, l>y this experiment, the most like a 
positive gas, hydro^n or oxygen ? The one extinguishes flame and 
the other relights it. Which then .«?eem.s to be inflamablel Coin' 
mou sense can answer that (juerftion, and ihis must be its answer. — 
That substance must be inflamable, which will aid to burn a body ia* 
stead of extinguishing it, when on fire. 

Hu^ the question may here bt; askeil, why hydrogen gas will bum, 
«s ill ihecasis enumerated in the extrari w«; are considering? Wtj 
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iubijtrer tmhciitatiDglj tlmt it will not bum al ull, diat it uevtr did and 
nev^ will. It wiU iiiflunie, it ia said, liy the application ofa lighlld 
handle, when in contact with atmoiapheric air, which contains oxy- 
gen, or else in contact witli pnro oxygen itiseir. But wiiy in this f — 
WLy must it come invariably in contact witii a supporter ofconibns- 
lion? Simply for this reason. The hydrogen is negative and the 
oxygen is positive. That positive contains the principle of fire, or 
electricity, and is, therefore, a supporter of combustion. Tho neg- 
lititQn the entire absence of the principle of fire. The one is there- 
^tt, highly plus, and the other deeply minu^, and when they oro 
maed, either by contact witli tlio utniosplicrc, or with a certain pro- 
I^Qitiob of the two gasscs pure, tlicy uuito upon the application of 
fluoe with aA exploXsn. This union and explosion arc precisely ivt 
^ceordance with the known principles of electrical attraction. Be- 
^een the two there exists the strong aflinity of opposite polarities. 
,^ plus of the one is given out to tlie minus of the other, and thid 
bastion is the result. But tlic fire depends, not upon the hy* 
.' wbgi^n, but upon the oxygon, for when it gives out its plus to the 
o^Btnr of the hydrogen, in the ctfort to restore an equilibrium be- 
tween two opposites, that plus charge appears in tlie form of lire. — 
Hiia and this 07i7y, it appears to us, is the* cause or reason of the corn- 
bastion, and must prove conclusively, tliat oxygen is highly positive, 
while hy^ogftn ia deeply negative. There can not possibly, it 
seema to ns, be any rational doubt about it. 

Tliere is another fact still in tlie extract, which, if left unexplain- 
ed, may lead' to false conclusions. It is this, ''If a jet of hydrogeii 
gasbe thrown upon recently prepared spongy platinum, this metal 
almost instantly becomes red hot, and then sets fire to tlie gas.*' — 
Now this question may occur — if hydrogen bo not inJlamabUt and if 
it contain not the principle of heat, how can it make tho platinunr 
ratf^T "iPhis question we shall answer, by denying tliat any such 
rfect is caused by the hydrogen simply. There is auotlier way to 
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account fur the phenomenon — a way in more strict accordance with 
the known laws ofchemistry. Platinum is a positive substapM ao^ 
18 80 classed in the list ofpositive substances, and hydrogen is pB$' 
ative, as we have seen. Now> when a jet of this gas is thrown op- 
on the spongy platinum, why does that metal become red hot, un- 
less the positive charge of tlie hyArogen make it so? This ii tb® 
^iiTo^opAiraZ solution of the question. The hydrogen, being deeply 
minis, while the platinum, in comparison, is highly plUs, the elec- 
tricity or latent caloric^^f the metal rushes to its surface, where, 1>7 
strong chemical aflinities, a deeply minus substance calls it out axi^ 
makes the plu» substance red hot, by its own latent caloric, becom- 
ing visible. This is tfie lavv precisely of all ^a/rank; action, and ixi' 
ueed of all c/iCTnicaZflfl^cncics whatever. A metftl can bfe affected or 
decomposed in <<ro ways. If a substance, highly plus, be brought, 
in solution or in the form of a gas, in contact w:ith the metal; so ** 
to have the facility, by that contact, of taking hold of its particles, the 
plus substance will decompose the metal more or less rapidly, in ■«*' 
;ict accordance with the dillerence in the respective amounts of U*®** 
raloric or electricity, which they contain. 

If this position be correct, as it doubtless is, then we have a ct>'' 
rect solution for the action of the galvanic battery. When the a***** 
ciatcd plates of zinc and copper, composing the battery, are pluJ*^ 
into n strong solution of nitric acid, the zinc plate is attdSked by ^ 
acid, instead of the copper. And why? Because it *8 more P***J' 
tively charged than the copper. Rapid decomposition of the zis»* ** 
the consequcHce.'* And why? Because, it being plus and tho ^ 
minus, the latent caloric of the zinc, or its electricity, which riiai^^' J 
plus, burns its way out through the metal, to the deeply negitive l»^^' 
which surrounds that metal, and thus decomposition takes place* '*' 
tent caloric is set free by burning up the metal in its passage to ^ 
minus substance, for which it has a stronger affinity, and daring ^'' 
Miange, a portion of it escapes by the conducting poles of Ui9 batf^ff' 
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d would act upon the copper io the same waj it does upoit 
wete it associated with some other metal, which should h% 
minus, or have less latent caloric than itself. This is pro- 
the fact, that, although the solution of nitric acid will not 
' aficct the copper, when assAciated with tlie zinc, yet, when 
me acid is poured upon the copper hy itself, the copper is 
tnsumed, the latent caloric burns its way out to the minuf 
during the decomposition, which is attended with no udaU 
»n, a purple vapor rises, which has almost the appearanee 

^gen gas corrodes or burns, or decomposes the metals for a 
St the revei^ of that, which we have assigned for the action 
Is upon them. It is highly positive or phis, and, therefore, 
s latent fire, caloric or electricity, just which you please to 
the metals, instead of receiving \\from them, as the acids 
in contact with tliem. The consequence is that it burns 
ishes silently, as in the corrosion or oxidation of the metals, 
to a damp atmowsphere, or with an intensly brilliant corrus- 
in their deflagration, when inserted in a jar of pure ox- 

smiss this subject of the various influences and agencies of 
nd hydrogen, but more particularly of oxygen, not because 
n exhausted by any means, nor because it could not be ex- 
ith interest, for there could be a volume written without 
3g it, but because the design and limits of this work will not 

Enough, however, has been said, we think, by way of ar- 
»nd proof, to demonstrate to the perfect satisfaction of ev- 
[, that is willing to be satisfied, that oxygen gas is positive, 
ogen gas is negative, and that the opinions of Pouillet, up- 
ibject were right, and those of Davy and Thomson, were 

Enough has, also, been said to show conclusively, that elec- 
an essential agent io the chemical changes, which wew i t- 
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ness around us, and which are coutinually occurring throag)^ 
faref and to prove that the actual cause of manj of the w^ 
phenomena, which come under the observation of chemists h' 
mistaken. 

In our next lecture, we design to show, among other im^^^''^' 
facts, what an essential agent electricity is, in the preserva^i^''^ ^'^ 
health, and how. in some cases of disease, it may be of very itJcm^ot' 
tant service, in counteracting the influences of that disease upoo the 
•yatem, and in giving tone and vigor to a debilitated constitutic'^' 
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LECTURE Vm. 

muilll— INIllL ELECTJlICin— ElEGTBIC FATIOltST. 



A> inlimaled iaa former lecture, ive intend, in the preaeni, lo «x- 
MBine (he clicmicBl efiecls orulectricitj in another important de- 
pinmenl, peyfaaps tlie masl important of liuiiisn kuoivledge, into 
"udi,ivehavenol,EiByel, intruduccdtliB reader. Wo feel, OB W« 
"^r it, onr jncompeteucy to do nny thing like jualice to the subject, 
•wtlia ngencies of electricity in tlie production ofonimal life— 
■^ indiepensible necesaity in the pteaervalion oftliat life, and ill 
Wliedial qualitiea open a v»b1 field of moat interesting invealigatioii 
More US— afield iiitherto but little eiplorad— a field, every patt of 
*Ueh, is full of Buch marvelloua inleresl, that the Psalmist very 
properly eiclaima, wben contemplating it. "I am fearfuily and 
"^trfi^gnuide." 

If, in pagaing from the contemplation of inorganic maltar to oi- 
gWiic, we range Ihrougli the vnrioaa deparlments of the vegetable 
kingdom, and the lower order of animated eiistences, we find that 
Sia electric agent, or caloric, which we shall hereaCler piove, is th* 
Mtme thing, ia the grand instmmcAtal cavae of Ihe germination of 
life. No acorn ever^urat its shell and rose into a stalely monarch of 
the forest — not one of the ten thousand varioua seeds of trees, of 
Iwibaga and offluwers, thai clothe and variegate the landseapa, 
•Tar vegetalod wiihoat the agency of heat. Ther would, forerar, 
iMve lain dormant and lifeleas in the cold and withering embrace of 
fhi earA, and, nnwatmed into life by Ibe genial inauencai oftbs 
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caloric of the iunlight, this globe would have been corered with 
a chilling desolation, as blank as that of an ice-berg, and no more 
vegetation would have adorned it in a vesture of green, tha* would 
now spring up on the snow-banks of a December in Nova Zem- < 
bla. ' 

When we pass from the vegetable to tlie animal kingdom, we 
find the same great truth illustrated by a thousand facta. What 
generates life in the egg of tlie feathered tribe, and sustains and fes- 
ters it from the more incipient embryo of existence, to the bursting 
of the shell by the little chick, as ho starts into animation from t^* 
priNon house T Why caloric, and caloric alone 1 "If the hen, or ^^ 
other annual of tlie foatliorcd tribe, fails to brood over the eggs Wit» 
unwearied constancy — if, during any portion of the gradual staS^ 
of the progression of existence, from tlie incipient enlargement ^ 
the iuq^regnatcd ovary, to the period, when the shell is burst, ^ 
egg be left to cool below the equal temperature of animal heat, it t>^* 
comes addled immediately and tlie principle of animation depaf^^' 
Even where there is no incubation of tlie animal, the egg is eti'* 
hatched by the agency of caloric. The Ostrich buries her's in tb^ 
sands of the desert in the torrid zone, where she leaves it to h^ 
warmed into life by the influences of a vertical sun. The Serpent o* 
the same zone, it is said, follows the example of the Ostrich, and, by 
the germinating power of the heated sand hills, peoples tlie burniag 
wastes of Zahara with her venomous brood. Even that industrious 
little spinster, the silk worm, tliat fabricates from leaves, the impe* 
rial robes and vestments ofmonarchs, is brought into life by a similar 
process — ^by the application to the ovum of either natural or arti^* 
cial heat. 

Cut, although it may here be confessed, that caloric is absolutely 
necessary to the production of those forms of existence, to which 
we have alluded, yet, it may bo denied, that this acknowledged gen 
erating agent is electricity, as we have affirmed. Leaving our main 
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(^fgument in proof of the position we have assumed, until we come 

to the subjects of solar light and heat, we would here ask, if caloric 

^^ electricity be not inseparable ? Was there ever a distinct elec* 

^ical phenomenon ol any kind, ever de veloped to the observation of 

chemists, or of any body else, without the distinct developement, at 

«© same time, of a corresponding amount of heat ; — or, more prop- 

^'■ly speaking, is not the electricity developed, in fact, nothing more 

^^r less than the caloric, which is inseparably attendant upon every 

such development. 

*^>"iction is one of themain causes of the production of electricity. 

aiuter, for instance, be rubbed, or a stick of sealing wax, they 

'^ttiediately become electrically excited, and will prove it by nU 

"Acting to themselves contiguous light bodies. This is the case 

^^^ a glass tube, or any other electric, when rubbed with dry silk, 

^'^oolen cloth. It is a fact well worthy of attention and remark, 

*^ heat is invariably produced by that friction. Now, are not the 

*^ctrical phenomena, which are manifested by that friction, owing 

®*^tirely to the latent caloric which is called out, and made visible,, 
*nce it is ever developed by the exciting cause ? Let us examine 
^^ Catalogue of electrical facts, and see if we do not find still further 

^^txfirmation of the proposition we have assumed, and sufficient to 

^^Hvince the sceptical. 

According to the experiments of M. Pouillet^ already recorded in 

this work, the gas that rises from burning charcoal is positively 
electrified. What is that but the evolution of caloric in a certain 
form? 

By heating metalic rods at one end, and thus disturbing the equal 
ization of their temperture, electric or magnetic phenomena make 
their appearance ; for one end of such rods will be positive and thie 
other consequently negative, as is exhibited plainly by their attrac- 
tions and repulsione of the electrometer or magnetic needle. Here 
the character of the electrifying ageut is so perfectly apparent, that 
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there ean be no mistake at all about it. It is caloric and DOtkingbut 
caloric. 

The galvanic battery in action, always produces heat. If the acid- 
ulated solution, into which the battery is plunged, is perfectly cold at 
the time of its immersion, that solution will be heated so rapidlyi 
that it will, in some cases actually boil in less than three minutes. 
Now, what causes this great and sudden change in the temperature 
of tlic solution, except it be the latent caloric of the ziuc set fi^Q ^3 
the process of the comLubtion of the melal,yieietofore described, and 
which constitutes the galvanic current, and produces the galvanic 
effects of the buttery ? We feel that candid minds must be irresisti 
bly brought to the eame conclusion by tlieso facts. That caloric> 
which heats the solution, must be the electric agent, and that electric 
agent, the caloric. Inhere can possibly be no mistake about liiis* 

AU crystalizations of salts, and other cry staliza lions of whatever 
character they may be, exhibit electrical phenomena, and are always 
attended with the evolution of caloric. All freezing mixtures exp^^ 
caloric rapidly, and evolve also electricity. According to the esti- 
mate of Dr. Hare of Philadelphia, the crystalizatiou of vapour, which 
attends a snow storm, gives out more caloric than a shower of redbo^ 
pulverized glass, and we know that such crystalizatiou of vapour ^P 
accompanied wiili electrical phenomena. 

The further elucidation of the identity of caloric and electricty will 
be referred to its appropriate place — the discussion of the subject oi 
solar heat, since m this connection, it is rather a digression from the 
topics we had selected. We shall there collocate, we think, such a 
formidable array of additional facts, as must convince the most seep* 
tical unbeliever. But enough has been said, we presume, to prove 
that the caloric, which is the cause of the germination of all seeds, 
and the principle, which vivifies the embryo of the egg, is electrict* 
ty and produces these efiectj» by the known chemical influences of 
tli^t agent. 
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breath becomes hot and scalding, and death makss rapid and gianC 
strides upon the debilitated constitution. 

Now for an explanation of the chemical cause of this condition o-^ 
^e system. It will be found, upon the closest scrutiny, that, inr 
ninety- nine cases out of a hundred^ when the above symptoms make 
their appearance, the stomach is filled with ucold, slimy, ropy, indi' 
gestible load, which is, of course, a deeply minus or negative sab- 
stimce. Now w^at are the chemical consequences of this negative 
substance upon the system? They are deleterious in the extreme, 
■as will be explained, by a reference to an experiment in a former 
lecture. It will be reccollected that we demonstrated, that, if a cur- 
rent of galvanism be passed in to the tongue, it produces an acid= 
taste in the mouth. This proves that an inward current of electric- 
ity is, in some mysterious way, the generator of acidity, which, a^- 
w«have shown abundantly in another connection, is the reason whjf ' 
all acids are minus bodies. 

The contents of the stomach, being minus or acid, will, of course,. 
have an attraction for the plus or alkaline polarities of elec tricity^- 
and the current will therefore be inward from the surface, which will- 
be left cold, while those burning alkaline polarities, will irritate the 
internal coats of the stomach and intestines, the same as they are 
irritated in the cholera and other kindred diseases, and produce ac* 
cording to strict chemical laws and agencies all the fearful effects of -f 
those distressing and oftejt fataV complaints. 

There is a case directly m point, which cam« under our owir ob- 
Bcrvatioii, and which will forcibly illustrate both the effects and 
X)henomena of the disease, we have been describing, and the appro- 
priate chemical remedies for that disease^ 

3ome seven, or eight years ago, a young man, a printer by pro- 
fession, while boarding in our family, was attacked one night most 
violently with a complaint almost akin to the Asiatic Cholera. Be- 
ing, reluctant to trouble the &mily, he made np one acquainted with 
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iilBediately without furliier niedic-il assi» Uince. 

Now, in this ca;ie, it is perfectly evident., that the cauue of tlio 
diieaie was acidity. The matter in ilm Ktomacli was deeply niinuH, 
the current of elcclricily waslliercfore, inaard imitesid of being out- 
wurdf and the surface aud cxlremclierf v/ere con»-e<iu«ntly l«it cold, 
the blood, in thickened staguatcd btrcains, pressed upon tho hearf 
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wkich are capable of conversion into blood. To determine, there*' 
■^^i^t what substances are capable of affording noarishment, it ia on- 
V necessary to ascertain the composition of the food, and to cem- 
P^e it with that of the ingredients of the blood. 

The substances require especial consideration as the chief ingre- 
dients of the blood; one of these separates immediately from the 
olood when withdrawn from the circulation. It is well known that 
^^ this case blood coagulates, and separates into a yellowish liquid, 
*"e serum of the blood, and a gelatinous mass, which adheres to a rod 
^^ stick in soft, elastic fibres, when coagulating blood is briskly 
®wrr©<j. This is \hefibrine of the blood, which is identical in all its 
properties with muscular fibre, when the latter is purified from alf 
foreign matters. 

*^he second principle ingredient of the blood is contained In the 
^litn, and gives to this liquid all the properties of the white ofeggs, 
^ith which it is identical. When heated, it coagulates into -a white 
^*^8tic mass, and the coagulating substance is called albumen, 

Fibrine and albumen, the chief ingredients of blood, contain, in all 
^^ven chemical elements, among which nitrogen, phosphorus, and 
^Iphur are found. They contain also the earth of bones. The seF> 
^m retains in solution sea salt and other salts of potash and soda, in 
' "Which the acids are carbonic, phosphoric, and sulphuric acids. The 
globules of the blood contain fibrine and albumen, along with a red 
coloring matter, in which iron is a constant element. Besides these 
the blood contains certain fatty bodiesja small quantity, which differ 
from ordinary fats in several of their propertiesv 
* Chemical analysis has led to the remarkable resnUt, that fitnrine and 
albumen contain the same organic elements united in the same pro- 
portion, so that two analyses, the one of fibrine and the other of al-^ 
bu Jien, do not differ more than two analyses of fibrine or two «f a^ 
^umen respectively do, in the composition of 100 parts. 

liL these two ingredients of blood- the particles arc arranged in » 
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different order, as is shown by the difference of their external pro- 
pertie J ; bat in chemical composition, in the ultimate proportion of 
the cranio elements, they are identical 

This conclusion has letcly been beantifally confirmed by a distill* 
guished physiologist (Denis,) who has succeeded in converting fib- 
rinc into albumen, that is, in giving it the solubrity, and coagalabili- 
iy by beat which characterize" the white of egg. 

Fibrine and albumen, besides having the same composition, agree, 
also in this, that both dissolve in concentrate d muriatic acid, yield- 
ing a solution of an intense purple color. This solution, whether , 
made with fibrine or albumen, has the vety same reactions with all 
substances yet tried. 

Both the albumen and fibrine, in the process of nutrition, are capa' 
ble of being converted into muscular fibre, and muscular fibre is ca- 
pable of being converted into blood. These facts have long been 
established by physiologists, and chemistry has merely proved that 
fhese metamorphoses can be accomplished under the influence of a 
eertoin force, without the aid of a third substance, or of its elements, 
and without the addition of any foreign element, or the separation of 
any element previously present in these substances. 

If we now compare the composition of all organized parts with 
that of fibrine and albumen, the followmg relations present them- 
»elve»— 

AU parts of the animal body which have a decided shape, which 
form parts of orgvia, contain nitrogen. No part of an organ which 
possesses motion and life is destitute of nitrogen ; all of them con- 
tain likewise carbon and the elements of water, the latter, however, 
ki no case in the proportion to form water . 

The cluef ingredients of the blood contain nearly 17 per cent, of 
nitrogen, ard no part of an organ contains less than It per cent, of 
titrogen. 

The most coAvincing experiments and observations have proved 
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that the animal body is absolutely incapable of producing an ele- 
mentary body, such as carbon or nitrogen, out of substances which 
do not contain it; and it obviously follows, tliat all kinds of food fit 
lor the production either of blood, or of cellular tissue, .membranes, 
IkiOt hair, muscular fibre, &c., must contain a certain amount of ni- 
trogen, because that elcmeut is essential to the composition of the 
AoTe named organs ; because the organs cannot create it from the 
otber elements presented to them ; and finally, because no nitrogen 
Htbsorbed from thetitmosphere in the vital process. 

The substance of the brain and ner\'es contains a large quantity o^ 
ilbumen, and, in addition to this, two peculiar fatty acidn, distin- 
gaiahed from other fats by containing phoi«phorus (piiosphoric acid,) 
Obe of these contains nitrogen (Fremy.) 

Finally, water and common fat are tbo^c ingredients of the body 
which are destitute of hydrogen. Both are amorphous or unorgan- 
iied, and only so far take part in the vital process as that their pres- 
d'nee is required for the due performance of the vital functions. The 
inoi^ganic constituents of the body are, iron, lime, magnesia, com- 
mon salt, and the alkalies.'' 

The above extract from Leihig, though a partial digression, has, 
nevertheless, been introduced, because it contained two important 
facts — ^first that the increase of growth and weight in the human sys- 
tem, depend mainly or wholly upon the blood — aud secondly that the 
Mood contains all those inorganic constituents, of which the organic 
is composed. The blood, then, it seems, is the chief agent in the 
distribution to different parts of the system, of the nutriment, which 
either builds or repairs the organic structure, and supplies what is 
lasted. All the chemical changes then, which txausform the veget- 
able and animal nutriment into chyle,, the chyle into blood, and the 
blood into flesh and bones and ner^'es and muscles— -the gastric juice* 
the aaliva, the tears and every other secretion are performed through 
the medium and influence of the heart, veins and arteries. 
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A ~«7 auBRscjK^ .piMCioit here foggesU itaelf naturally to tin 
^aimL :i.tg «g m g 3it sarocslar cause avd the ''modas operandi" 
It' UBM su-'tiiirrs xj?aes». vbose aolntioii we confess is very difS- 
mft. itK "wo-ca :a:i i« «uaseir&a: elucidated by certain familiar fecto 
ft ifijmr^ jctmrr^aee. frja which certain common sense concla- 
m«ias r-ij. M .^i^.'x 7 irrw^ Hew does the blood resolve the con- 
sdaitta;^ i£ ''i^hi J17I *<«. or cisaibnTe its heatthfnl and nutriciow 
mu;-it£'» a"^-* TW rrrxaiff aa-s? o: i* system, and expel from thai 
sr-se-n mi** Twrr;«rtts wixi. ire de?eterions to animal life «» 

Ttew ttKsciro* Mi ^ft^er S? answered, after examining thephefl' 
iOMua -r»"r«s7 r-i:-e*i T» b\>cd. when simply considered inregarf 
w i& j>;iTvr*:rt.:.«« fVzwits. risao ichereni power whatever to pfl^* 
,'a«!jr ci. ^-ajLT^itit. i^ii to c*>CTert food into the component wa* 
i^ ^M s«^»fa». -tac :ftf=vir;i:e xhar which is baleful and QB' 
V^tft^ -fet* At: wisei ;s n«. That a^ncy, so powerful and won* 
d»i«?*. «AKHf«»^ i3>k>aiiefaWe principle of the oxygen gw. 
«:i>vj fc uuo^iM J* TV#rtrfc:;on. and to ihtit mlome, and that, as i»8 
U*^ K'«w»v« 4Si;r*iA=:y?rv*Ten. is positive electricity. The ri^ 
"j^r^tictt^ ♦l^'cv i4?r«t arVi all. does ilie work. And what are tb« 
74^«i»<aH4ta a:^««l»$ «:ae>f its operations F 

t^ >iai^ •* «♦ i*^ s^n. are the grand labarotory, where almo* 
11^ «-Kf»V«c^r(»«Muc^a:C^$ of:h« human system are effected. It 
il^or jiK ^^ritoM»V«x>i is transformed to the arterial, for the venon 
>kVM^ 3$^ <KM stu i^ tfO ha w ^. Jknd uie ar^?r:ai quite another — that is the on 
JMj^>I;<ii:s. wLxh tlio nether does not, or else the on 
w^r«^a.#*l;s in greater proportion than the other .- 
t^ xtM«^»Vvv«i ;u i;s p4ssKljf^^ :Urough the veins, along tlie course 
.^ Mi«'>it^t6«K>waifei^y the absorbents and secretory organs of tli 
^>«^«tt, >c«tt^4JkiN:i|'« Io«i of vwrbon and other matters deposited b 
4»v 6<^ it ^jfk<NK" ]^4;t:jL whK'h are at war with life, and which, 
-tv^k ^v^hSi«k^ i'Wt kV ^KK^aU bring this wondrous but frail tenemei 
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kwn into the unorganized mass of mere lifeless material, out of 
vbich it was constructed — the venous blood, we saj^, brings along 
liiiload, in its passage through the lungs, and there exposes it to the 
wtioa of the oxjgen of the atmosphere, by which it is all decomposed 
Nfben the breathing apparatus performs its appropriate duties, the 
Btilion is expelled in the form of carbonic acid gas, a most deleterious 
poiwn, and other pernicious materials find vent in the same way. — 
Xbe blood being purified from those substuuces, which will uotaid in 
tbe construction, stability and healihfulness of the organic system, 
nd changed or arterializcd from a dark purp le to a florid red color, 

Ijonads on its gladsome course, with greater elasticity, making the 
spirits buoyant and spreading the flush of health over the cheeks. 

From these facts, which are incontrovertible, andean be tested it 
will be very readily perceived, what m ist be the fatal or pernicious 
consequence of any defect in the chest, either natural, or acquired 
I9 those sedentary or slothful habits, by which the breathing appa- 
cUos is circumscribed or compressed, so that the air cells cannot be 
expanded and completely filled at every inhalation by tho vivifying 
tnd purifying oxygen. By such defect, it is evident that but a small 
proportion of oxygen would be brought in contact with the blood. — 
3f course but a small quantity of tliose deleterious substances, about 
?hich we have remarked, would be decomposed and expelled by it. 
Jejng retained in the system, they would aid to pull down, rather 
ban build up, to enfeeble rather than strengthen the body, the lungs 
^ould become tuberculous and ulcerated, tlie liver inflamed, the 
eart and whole arterial system diseased, and the citadel of life would 
e prematurely and inevitably stormed and sacked by the invading 

>rce8. 

How very essential is the knowledge of this fact to parents, guar- 
ians and teachers in the physical education of children committed to 
leircare and culture. If they would give them a healthy constitu- 
.011, they must pay particular attention to the developement of this 
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curious apparatus of animal life — the grand laboratory in which are 
wrought the chemical changes, the decompositions and the recompo- 
sitions, that build up and beautify, or pull down and deform the or- 
ganic structure ; for, to use an appropriate figure, the lungs are the 
furnace, tiie blood is the liquid of life, and oxygen is the fuel that 
heats it up, and makes that steam engine, the heart, propel tbestreains 
of vitality through all their purple channels. If the furnace be com- 
pressed from any cause — if it be cramped and small, the quantity of 
fuel consumed will, of course, b« proportionably less, feebler will he 
the strokes of that engine and more duJi, languid and stagnated will 
be the current of life. 

Jt is plain, theu, that the system of hothouse culture, which pre* 
vails to too great an extent at the present day, is all wrong. Chil- 
dren should not be brought up in the shade. They should be per- 
mitted and encouraged to engage in those animating sports in the 
open air, which quicken the respiration, and inflate and distend, to 
their utmost capacity, every air cell of the lungs. Yes, they should 
snuflTup with delight the.brisk breezes and face the keen north wester 
when Farenheit is five or ten degrees below zero. By such a 
course of physical education, it is perfectly evident that the fqunda* 
tion must t)e laid for a healthy constitution by giving around full de- 
velopement to the lungs, in which the streams of life are purified 
and prepared for the healthful construction of the physical organi- 
zation. 

In this connection we will notice a few phenomena, whose cause 
is not generally understood, and which will throw light upon this in- 
terring subject we are discussing. 

It is a fact well known to every observer, that children consume 
Tiistly more food in proportion to their bulk than adults ; but the rea- 
son trfty they do, is not so obvious. There is, however, a definite 
rhemical cau^. Children breathe much more rapidly than grown 
persons, they, therefore, inhale a much greater quantity of oxygen 
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gu^thii decGFmposes and. prepares the food for orgauization iuto the 
liTingmasB much faster, and. for this reason alone, a healthy child 
Mtg lometimes as much or more than an adult of four or six times 
luflbalk, and grows, therefore, proportionably faster. This, too, is 
the reason why a child cannot bear the gnawings of hunger, and 
wants to eat oftener, and therefore, sometimes becomes a source of 
extreme annoyance to the careful and economical provider who doed 
not understand the cause. 

Owing to rapid breathing, ''a bird, deprived of food, dies on tlie 
Airdday, while a serpent, with its sluggish respiration, can live with- 
out food three months, and longer," as has been proven by those 
enormous anacondas, who have swallowed deers whole, and then 
^ torpid for whole months, while the food is undergoing the slow 

■ 

process of digestion. 

The reason why a laboring man requires more foo«J, than one who 
ttoesnot labor at all, is this. His respiration is uiore rapid and tlie 
Volume of air is greater at each respiration. The amount of oxygen, 
therefore, being greater, a larger amount of food is of course burn- 
ed or decomposed by that oxygen, and so a greater amount is necesd- 
^Jy to supply the exhaustion. It is worthy of remark, also, that the 
pulsations of the blood are proportionably quickened by the inspi- 
red oxygen, which shows that it imparts caloric or electricity to the 
fluid, in proportion as it is inhaled. 

A thousand otlier facts upon tli's subject, resjjectiiig the reason 
why we require more food in the winter than in the summer — why 
the inh4bitants of the polar regions eat more and heartier than those 
in the torrid — why a child requires more sleep llian an adult and 
a laboring man than an idle one — why sedentary persons are 
simultaneously afflicted with the loss of appetite and a disiuclinatiou 
to sleep — and why the blood of a person is just as warm in Nova 
Zembla, as on the desert of Zahaia, might be enumerated, until this 
ihiitful subject alone should extend out into a volume. Our limits^ 
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however, forbid an extension. Suffice it, therefore, to remark, diat til 
these facts and many others, which might be enumerated, result from 
certain invariable chemical changes wrought by the electric agent. 

As. in another part of this lecture, we have given the phenomena 
of a diseased body, when minus, and suggested the appropriate rem- 
edies, we will now, for a moment, take into consideration one charged 
plus, or a person afflicted with a raging fever. Some of the symp- 
toms are a flushed countenance, turgid veins, a parched tohgne, a 
head ache owing to a rush of blood to that region, quickened and 
violent pulsation, rapid and labored breathing and a hot, dry, husky 
surface. And now what are the chemical causes and the appropri- 
file chcnical remedies for such a state of the system? Owing to a 
cold or some other cause, the natural, healthful perspiration of the 
body, by which a proper electrical condition expels certain impuri- 
ties, is checked and entirely stopped by the closing of the pores. — 
The consequence is that tliose impurities enter in and derange the 
circulation, are carried by that circulation through the lungs and there 
come in contact with the oxygen. These impurities are burned 
fiercely by that agent, the heat enters into the system — ^both the pul- 
sation and the respiration are quickened, this increases the amount 
of oxygen, until the blood is almost made to boil, and the difficulty 
is increased until the disease is either checked or else terminates in 
death. 

Now what are the appropriate remedies for this plus condition of 
the system ? Why evidently minus, cooling substances. The acids 
should be freely administered, and such alteratives as sh all remove 
the cause, uncap the closed pores, make the impurities exude again 
in their accustomed channels, and thus prevent the oxygen firom burn- 
ing up the system by its fierce ignition of those impurities in the 
lungs. Those internal remedies should evidently be always aided 
\>y such external applications as are calculated to accomplish the ob- 
ject, such as bathing, and|frictionwith such volatile liquids as will erap- 
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tlly and ctiry ofTthe lurplus caloric, which have the teaden- 
in producing perspiration. 

closing lecture of this series, we shall hare occasion to 
w additional remarks upon this interesting subject, bat feel- 
; is imposible to do justice to it, in a work so limited, we 
» soon as we shall have sufficient leisure, to publish a vol- 
ted entirelj to the subject of animal electricity and electric 



I*:.'. 
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3Lv;.«^ i^iitff IvxrsKzt cj*:>a*. i: is oar object, br the present 
4warK m" JKCxrc^. 1» s<«t« ^e ideailtr of aH the imponderables" 
«>M v^rr rwtiKTii' Sjtk !M ibe chuia of cTldence irill be furnished by 
KM JsvY4C^niia«£''£jeea«^^J^e:ism. Until recentlj it was sap* 
I^^M^ ^ ^ lA a^taz mtaelj distinct, and diaVrent from electricity. 
I^e j: s av « latss&nsrilr proven to be the same thin^ in essence. 

TVjs Jt^st tif aaisn was first discovered in a certain ore. found 
t^^vNi XiNESt lit. ia Jktti* Minor, bv one Magnes, a shepherd, from 

r«MJ Mf^wri^P.ii is derived. This ore is called, by 
irtjm ene, or in common parlance, the load* 



^ *atg » »-tt and wonierful powers which it exhibited in holding 
wah o mi ii ltw i M e ten^oirr Uie various metals first led to itsdevel- 
g j ^otw a t. It vri5als«. ascertdiacJ ihst it would not only exert an 
iiiLVtt£bW «nl unaccountable indueuce over metals, but that it would 
iosj^sn l» steel poraiantntlv. the same kind of mysterious influ- 



N<> WQOi^jr that this ore was regarded by some, as a talismanic 
«t ^ BM^ rock» in the earlier ages, when the idea prevailed to a 
i>NfettienM# •xmt. that unearthly beings could throw their spells of 

tfttciuaMMBt uoond substances. 
i; wx$ i»rxt 4»eo\er«d, tliat if steel bars, which had been thus 
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^^^^•tised bj the loadstone, were suspended at the centre by a 
^©ad or bailanced upon a pivot, they would invariably arrange 

^'^selves north and south. This led to the invention, as is sup- 
P^ied, by Flavio da Melfi, a Neapolitan, in thirteen hundred and two, 

^^at important instrument, called the Mariners Compass, which 
opened a new era, in navigation. Mrs. Somerviile, however, 
^Qks different. She thus speaks in the following extract : 
^he inventor of the mariner's compass, like most of the early 

^*actors of mankind, is unknown ; it is even doubted which na« 
** fifst made use of magnetic polarity to determine positions on 

^Urface of the globe ; but it is said thai a rude form of the com- 

^ ® ^'V'as invented in Upper Asia, and conveyed thence by the Tar- 

^o China, where the Jesuit missionaries found traces of this in« 

^^ent, having been employed as a guide to land travelers, in 
y demote antiquity. From that the compass spread over the 

^> and was imported into Europe by the Crusaders, and its con- 
^^tion improved by an artist of Amalfi, on the coast Calabria. — 
^^ems that the Romans and Chinese only employed eight cardi- 

* divisions, which the Germans successively bisected till there 
^^e thirty-two^ and gave the points the names which they still 

Before this auspicious event, the wary seamen cautiously coas' 
^d along the shore, and dared not venture far from land upon the 
^cean, where the foaming waste of waters seemed to him an impassable 
barrier. But the compass changed the whole scene. With it the 
mariner fearlessly spread his canvass to tho breezes, although as- 
Bijred that they would quickly hurry him away from the sight ofhis 
i)ative shores and mountains. Guided by his faithful magnet, he 
left the coast, to which he had formerly clung so timidly, ** fur— far 
behind Aim, " and sometimes held his onward course for weeks, and 
even months, through the wide waste of waters, without a glimpse 
of land to tell him where he was, and yet so perfect was that gui. 
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dance, that, at any given moment, he could tell the latitude and lon- 
gitude of the spot he 6ccupied. 

One important effect of that invention was the discovery of the 
happy country where we now dwell ; for, had it not heen for the un- 
erring guidance of the magnet, through calm ^nd through storm, 
ColumbiiS; notwithstanding his skill in navigation, and the dauntles* 
intrepidity of his character, could never have found his way across 
the ocean from Europe to Hispaniola. 

The cause of magnetism was, for centuries after its discovery, en- 
veloped in inscrutable raysterj'. But, by tlie recent experiments 
and investigations of philosophers, that mystery has been satisfacto 
rily solved. About sixty years ago it was ascertained by the cele- 
brated Beccaria, and by our sagacious countryman, Dr. Franklin, that 
steel and iron could be reodered magnetic by Electricity. Since 
then, by the conclusive experiments of Professor Oersted, of Copen- 
hagen, Professor Moll, of Utrecht, M. De la Rive, of Geneva, M- 
Arago, of Paris, Dr. Wollaslon, Sir Humphrey Davy, Mr. Faraday. 
Dr. Herschel, Mr. Christie, andlnany other philosophers of Europe* 
together with those of Professor Henry, Dr. Hare, Professor SilU- 
man, and others of our own country, it has been demonstrated be- 
yond the shadow of a reasonable doubt, that all magnetism is pro* 
duced by Electricity. 

Professor Oersted, in 1819, found, that, by passing a current of 
galvanism around iron of a certain quality, by means of insulated 
copper wire, it was made strong magnetic, and exhibited north and 
south polarity, one extremity of the iron attracting the north 
point of the needle, and the other the south. It was, also, ascertain- 
ed that by passing a galvanic current around steel in the same way, 
it could be made permanently magnetic, the same as if rubbed upou 
the loadstone. 

In Ae language of Mrs. Somerville, '' very delicate experiments 
have shown that all bodies are more or less susceptible of magnetism 
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Many of the gems give signs of it ; cobalt, titanium, and nickel 
sometimes even possess the properties of attraction and repulsion ; 
but the magnetic agency is most powerfully developed in iron, and 
in that particular ore of iron calkd the load-stone, which consists of 
the protoxide and the peroxide of iron, together with small portions 
of silica and alumina. A metal is often susceptible of magnetism if 
it only contains the 130,000th part of Its weight of iron, a quantity 
too small to be detected by any mechanical test. 

'' The bodies in question are naturally magnetic, but that proper^ 
xnay be imparted by a variety of methods, as by friction with mag- 
netic bodies, or juxtaposition to them, but noiwJs more simple than 
percussion. A bar of hard steel, held in the direction of the dip, wiU 
become a magnet on receiving a few smart blows with a hammer on 
its upper extremity ; and M. Hansteen has ascertained that every 
substance has magnetic poles when held in that position, whatever 
the materials may be of which it is composed. '' 

It would be impossible, for the want of both time and room, .to 
enter into a detail of the rise and progress of the science of mag- 
netism, and trace the succession of various improvements made by 
the investigations of the learned. We must, therefore, content our- 
selves with a few brief remarks, in addition to what we have al- 
ready said. 

A variety of experiments have been made by many of the learn- 
ed, at different intervals, ''but the most astonishing, ever ex- 
hibited to the world in the production of magnetism by galvanic 
currents are those performed by Professor Henry, and Dr. Ten 
Eyck, of Albany, in 1831 . They constructed a horse shoe magnet of 
Swedish iron, weighing sixty-nine and a half pounds, with an ar- 
mature weighing twenty-three ponnds. Around this magnet they 
wound twenty -six strands of copper bell wire, each thirty-one fee? 
k)og, making eight hundred and six feet in the whole. Abo«t 
eighteen inches of the ends of the wire were left projecting, so th|t^ 
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^* M^gregale length of the coils was seTeii hundred and twenty, 
^ight feet. On connecting the wires with a battery of 4 7-9thf 
•quare feet, the magnet supported two thousand and sixty .three 
pounds. In one experiment with a smaller battery the armature 
continued to support more than otie hundred and fif^y pounds, three 
days after the battery had been excited. 

From experiments already made, there seems to be no limit to the 
tetent to which this wonderful power can be increased, 
by^ the increase of the size of the magnet, and Uie increase 
6f the number of coils of wire. 
How ittcompreh^Mible the force here exhibited — how disproportaon- 
ate seems the cause to the effect ! When the iron is bent, aod^ 
brought into its proper form, and wound with the requisite quantity 
6f copper coils, it will not suspend a single ounce of itself. Bat 
just send a stream ol electricity or galvanism around those coils, 
and, with its poles suspended downwards, it can be made to sua' 
tkin four or five thousand pounds, without any visible chain of con- 
nection to liold the ponderous mass, and without having its own 
weight inclreti^d a single perceptible particle. This immense loa^ 
it sustained there by no iron manacles — no hempen cord— 4iun^ 
diere apparently upon nothing tangible, visible or corporeal — su s- 
tained by the simple unaided ligaments of cohesive attraction. — 
•Who, afler witnessing such an exhibition of incoihprehensible ibrce, 
who can doubt, for a moment, but that the powers of all other agents 
ih nature are weak^and impotent when compared with this. Wha 
dan doubt, for a moment, but that, if its almost oinnipoteiit ^h^giei 
Could be harnessed appropriately to machinery, by any invention, 
they would operate that machinery with a force as resistless as that 
exhibited by the bolt of lieaven ! Who can doubt but t&at its pre- 
digious might is brought to bear upon the perfect machinezy oCthe 
t&niverse and that it whirls tlie ponderous planets in their 8];riheres 
«bd hurls the comet blazing through its lightning course. 



Not only have magnets of great power been produced by elec- 
tricity, bat, qaite recentif , a surprising motive power nas been de- 
veloped upon a small scale. Miniature magnetic machines have 
been constructed, which would rotate upon their axis with a pro- 
digious velocity, 'varying from five to fifteen hundred revolntioos 
p^rihinttte, diat being from three to five times as rapid as any rev- 
oHitions produced by steam. 

There have been invented two diflerent kinds of electro-magnetic 
machines, the one operated by simple attraction, or by the influence 
of iron alternately ^magnetized and demagnetized by alternately 
breaking and closing the galvanic circuit, as it is^icalled, and the oth- 
er, by attraction and repulsion, or a change of polarity, which is ef^ 
fected by such an arrangement that the galvanic current circulates halj* 
the tiihe iLrbtiiid the magnet in bhe diretftibn ahd 'tfiie tfther Half i^ 
an' opposite directibn, whereby the poles bf the magnet change al- 
ternately from south to north, and from north to south, the polarity 
of the magnet being dependent upon the direction of the galvanic 
eiinre nt around it. 

Motion was produced, in 1830, by means of a galvanic magnet, 
constructed bylRofessor Henry, and so arranged, that it caused a 
beam suspended by its centre, to vibrate like the walking beam o^ 
aliteam engine. Taking an idea from this invention of Henry's, 
similar macbineiy was constructed in Europe. Mr. McGauIy, of 
Ireland reported, in 1835, a galvanic machine t6 (he British asso- 
ciation, and Mr. Sttirgeoh, of Woolwich, iii England,' gave a descrip- 
tion, about the same time, of one, which he used upon his premises 
for pumping water, and for other mechanical purposes. But rotary 
motion was first produced by Dr. Edmonson, of Baltimore. In' 
3833, or 4, he constructed a very simplei, but yet a Very, beautiful 
electro-magnetic machine, called Edmonson*s rotating annaturUf 
which wat composed of a brass wheel, containmg a small brass 
hub and an axle about four or* five inches long, with six sj^okes of 
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brass wire, an eighth of an inch in diameter, and six inches long, 
"With soft iron armatures, composed of wire, a quarter of an inch in 
diameter, and two inches long, screwed upon the ends of the spokes, 
and arranged parallel with the axle. Through two brass pillars on 
each side of the w^heel, which was horrizontal, passed two screwfl 
which formed piTot^, upon which the wheel could revolve lightly and 
without much friction. At a little distance from one end of the 
axle was screwed a bass plate disc, about three' inches in diameter, 
and, at the same distance from the other end, a serrated disc, con- 
taining as may points as there were spokes and armatures. These re- 
volved in cups arranged underneath, containing mercury. On the 
outside of the whole was placed a single electro-magnet of small 
size, which, when charged with a small battery-, would attract the 
soft iron armatures successively toward itself, until they 'came to the 
peint, where it would hold the iron and prevent motion, i¥ere it not 
60 arranged, that the movement of the wheel would dexnagnatisci 
the. magnet, by lifting the point of the serrated disc out, of the ou^ 
of meit;ury, and thus by breaking the circuit, explode the magnetisoi 
in a brilliant gilvd!iic s'3 irk ail J let the armatuie pass by. This 
wheel could be made to revolve from three to fivetfkndred revolu- 
tions per minute. 

Although it has been generally supposed that Davenport, first pr4>< 
duced rotary motion, by means of magnetism, yet this honor, as we 
have shown, belongs to another, who invented his rotating arma- 
tures about three years before Mr Davenport perfected his elec- 
tro-magnetic machines. 

These rotating armatures of Edmonson are moved by siiBpitf 
atttraction. But to Davenport belongs, however, the exclusive hotiDr 
of inventing a machine moved by alternate attraction and repulsion, 
vvhich, for a time, astonished the whole scientific world, and intpir* 
ed the general belief, that the power of electro-magoetisin was ab<mit 
U) be brought to bear upon machinery. 
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A brief detail of the several stages of progresBion, by which Da- 
▼eoport perfected his invention, and discovered truths which liad, 
for ages, eluded the keen sightedness ef the scientific, would doubt- 
tassy be interesting to those who are unacquainted with the facts. 

Mr. Thomas Davenport was an unlettered blacksmith, of Bran* 
don, Rutland county, Vermont. In the course of his trade, he 
-went, in 1833, to the Penfield iron works, at Crown Point, on Lake 
Champlain, to purchase iron. His curiosity was there very muck 
excited by the operation of a revolving machine with several hun^ 
dred magnetised steel points or teeth, which passed through pulveff> 
ized ore, to separate the particles of iron from the surrounding^ 
ttiaterial. Finding, upon enquiry, that these points were mag- 
netised by a small electro-magnet, weighing about four pounds, he 
/enquired tlie price of the apparatus, and, instead of purohasing iron 
as he contemplated, he expended his money for the magnet and 
took it home. Filled with tliatkind of enthusiasm, which complete- 
ly absorbs some minds, and which appears superlative foliy, and 
saental hallucination to those dull phlegmatics, who always plod 
along in the beaten path of grandfathers and great grandfathers, h& 
commenced a series of eiperiments with his magnet, asiuring his 
neighbors and friends, that it was his firm belief, that this power 
could be made to propel the largest boats. Although this announce- 
ment was received by them with general incredulity and ridicule, 
and although he had to encounter every discouragement on account 
of deficiency in his pecuniary resources, and the continual dissuasioa 
of his acquaintances, he pressed forward with a commendable and 
indomitable perseverance toward the accomplishment of his ob« 

ject. 

It is proved by all history, that a mind, which is truly inventive^ 
and capable of conceiving grand projects, has the .dignity to rise 
above the influence of botli sneers and dissuasions, and to accom- 
plish such projects, if they be within they range of possibility. Su/jh, 
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m^ tk» miad ofTWooMi Dateaport. lie was neither d'uconng^ 
wm dM^poiait^ by Ike rcreption he experienced. " He thooglit 
Mii iiLiitii Tit VimiTr and, relinqniflhing hid trade, he devoted 

10 ike object in view. After trying haodredf 

Aerotii^ seTeral months to an intensity of le- 

baT« brought many-others to a lunatic asylum, 

W toOK. Ml lm\y ISM, •ctompUshed the arduous task of bringing 

iii( iiifibVt amd ii iloriomi pn-rrrr of magnetism into subjectioii. 

A r(>«iw vkkli. *f«MiT w tke Mcdle to the pole/ had been thooght 

ii» ivm« nuTif'Wi^ of ail odien : forming an arrangement by which 

9ic«diiies9 of pprpese, is made to prodacc 



It? 



AlWv iif fmit 1 iwt mutj hindrances, Davenport perfected, so far 
as it was ponibfe to per^t? his miniatures machines, so that they 
wMiM rvT«lr« witb ahnost inconceivable velocity. They consisted, 
■oittJMaa, of both stationary and revolving magnets, so arranged, 
that, by their noTements, the polarity of the magnets would instaOf 
taBMmaly change at a certain point, and thus die machines would be 
alternately propelled by attraction and repulsion, resulting from a 
change of that polarity. 

At it woaldy bj mere language, without tlie apparatus, be impos- 
sible to giye such a description of the ^machinery, as to convey a 
clear idea of the precise manner of its arrangement, (by which polar- 
ity is changed during revolution,) to the minds of those, who bava 
nOT^.MOii it operate, and, as it would be unnecessary tagive such 
a deaeriptioii Ibr the aatisfaction of those, wlio have seen it operate, 
we abell omil it ellofetber. 

AftMT haviiif peribcted his machines upon a small scale, so that 

they peribmod ednirebly, he proceeded to construct one upon a 

^jurger 9cale> Ibr the purpose of acquiring power if possible. But 

•: rhi^oxperiiueot, he was unsuccessful, and the persevering origin 
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ttor oTa wonderful invention haa passed into obscurity again, like 
buhiag meteor^ and is now almost forgotten. 
Wlien he proceeded to enlarge his macliinery, he ipetwith an unex^ 
lOtad and insnrmoontable difficulty, in the impossibility of so nicely 
ranging it, that the polarity would change perfectly, ac the proper 
rint and time, and the one force give plaoe completely to tlie other. 
ken wonld, on the contrary, be, at that pointy a contention be- 
rMn the two powers of attraction and repulsion, which contention 
iiMild neutralize the power of the two, and bring the machine to a 

While investigating, in 1833, this interesting subject, we were 
iHsfied, that machines, operated by a change of polarity, eonld nev- 
r be any thing bnt mere philosophical toys, interesting and won- 
•rffil, but entirely useless. It occurred to ns, however, that the 
iffienlty conld be obviated by machines operated by simple attrac- 
im, provided tnat there conld be an arrangement made, by which 
le power, should be kept up without intermission. This we effec 
id, by bringing a series of magnets to bear npon the same wheel, 
tsneh a manner, that, by means of non conductora between the ser- 
ited discs, by which the galvanic circuit was broken, one circle of 
e series should be charged, while another, was demagnetised, and 
the power continned whhont intermission. Having been qnite 
cceseful, in the first model constructed, we sent a deseription of 
le sanae to the Patent Office at Waalungton in 1838, designing at the 
Eue to have taken out a patent and to have tested the invention up- 
1 a large scale, but other engagements have prevented the contem- 
Ated experiment. 

Afi far as this mysterious and wonderful motive power has been 
»pKed. It can be regarded only as a most interesting philosophical . 
y. But the question here occurs — can it be applied to any prac- 
jal purpose— can machinery, upon a large scale, where great re- 
itance is to be overcome, be propelled by it ? This remains to, 
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h/b proven. We are Hot prepared to saj that it eamnot, nor are wcr 
prepared to lay that it cam. Of one thing we bare a practical dem- 
flinstration, It operates well upon a small scale, and exhibits con- 
siderable force. Whether it will upon a large sca^e depends npon 
the developements of fiitarity. 

Rotary motion was produced by steam, fiAy years before it was 
applied to any practical or. asefhf purpose. Its minatnre madiine- 
ry wa« then looked upon as an interesting philosophical plaything, 
aa electro-magnetic machinery now is. It has hecA only about ten 
years since the motive power of magnetism on a small scale was 
4ieveloped, and it would be forming a conclusion widi mofe dogmat- 
ic positiveness than we are willing to form one, to hazzard the as- 
sertion, that loco motives may not, wiihin fi(\y, nay, within twenty 
y.ears be driven with lighUung speed oyer our rail roads, by magne- 
tism, and the electric boat, instead of the steam. boat, he propelled 
i^ross the Atlantic. There are a thousand improvements yet to. be 
made, which have not even been dreamed of, by the most acute phi*, 
losophers. Bome Davenport may even now be perfectmg ma- 
chinery, which may, by its successful operation^ astonish thje world 
as much as the motive power of magnetism did, when first devel- 
oped. There is certainly, no lack of energy in the agent. Its in- 
herent force surpasses steam, or any other naturl agent. There is 
a Buperbundance of power, as is demonstrated by the magnet of 
Professor Henry. Its correct application is all that is needed^ and. 
weare,^by no means, prepared to say that such an application cannot 
be made. From v^bat we have seen, we are rather inclined to be-, 
lieve that it can, and that it will, althought the person, who is hardy 
enough to persevere, may encounter as many sneers as the immortal 
I^obert Fulton did, before he succeeded in applying steam ffl^wer to 
navigation. 

We will close this lecture by remarking, that, as our object is tc^^ 
^ove the identitpr of all the imponderables, and that the^ are^elec: 



OF MATTEB lol 

rieitjTy magnetism ^aids materially to demonstrate thb, from the 
nt tfuit a galvanic current will make a magnet, and out of magnets 
pBBba drawn both electric sparka, and electric shocka, as in Ibe op- 
pp^finof the magneto-electric machine. 



fiECTURE Z. 

Sl-BJECT— LIGHT. 



Mating examined ibe s:ih;ec: of common Electricity, Galvanisffit 
tf ■gnetuniy and other kindred subjects, and proved their identity* 
lad demonstrated that this indivisible, imponderable principle is the 
woadroot agent, by which all chemical changes are effected, we shall 
BOir mnAaxtoTt by a formidable array of facts, and by concluBioni 
leguiniaitelf from them, to prove that the sun is the source ot 
ia ageftt. Tliia willre<iaireas, in the first place, to iuvestig ate the 

propeities of &lsr Light. 

Thia, it i« erjdent. is to be regarded as the founain, from which. 
corrtinimlly flowa all natural light, for, it will appear conclusively in 
the course of our obaervatiotis, that it would be utterly impossible 
to piodoce fire were.it not/or the existence of this agent. And here 
an itttefestii^ question respecting its nature and essential proper- 
ties forcibly siyjjests itself to the mind:— What is that light? It 
seems to be a subtle, ediereal, all pervading fluid. No sooner does 
it glance upon a subelance than it is gone. Suddenly darken a room 
into which a etroi^ flood of light is pouring, and it is all dissipated 
as instantaneously as thought. Not a solitary ray is lef\ to illumin- 
ate the darkness. Blow out a candle, whose light can be seen by 
the eye, atany pointfora mile in everv direction around it, and which, 
theiefoie,completely fills several cubic miles of space, and not tlic 
tpinmest iota of time does that light continue, after the caudle is ex- 
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i^uished. ^ thunder bolt blazes across tlie black canopy of a 
ij^Lnight of storm, and its scathing light fills perhaps a thoniand cu- 
B miles of space. Blinded by the intense and lurid glare, the eye 
' the beholder shuts for an ii^tant, and opens — upon what 7 — A dark- 
»■■ deeper, if possible, by contrast,, than before. The Iniid flash Iws 
nne. — Where? Is it annihilated? No. If is. soqjewhere in a 
Ate of diffusion, and consequent inyisibility, and if collected undei; 
le same ciircuipstapces, it. wquld exhibit the same flash as before, 
ad again diffuses itself through the mass of surouoding substances, 
iisht, then, as we haye already remarked, i» subtle, etherial and; 
^.pervading. 

It is imponderable too — that is, it can be neither weighed nor 
iwisared. When a ponderable subRtance of several tons bulk, is 
<Hupletely saturated with it, the specific gravity of that substance is 
tot increased the smallest perceptible particle. 

Never, for an instant, is this subtle agent stationary. The lightning 
'peed of its everlasting career can be comp^ed with no other agent 
19 nature except Electricity. It glances quick as thought from^heav- 
bh to earth — from the sun tp the planets. 

There are two theories respecting the substance or essentiality of 
igbt, both of which will, for amoment, be examined. Dr Ilerschel and 
It coadjutors BuppoEei that it was the effect of theundula'ionorvibra-. 

ion of a subtle, etherial'inedium every where present in nature, and 
hat il.is tr§]i8mjtted to the eye the same as sound if to,t|ie ^ar^ Up- 
hia hypothesis there wqiild be iia, direct cqmmuniQiytion, between, 
he ran and the earth, or the other attendant planets, and this being 
be ease, the generally received opiuion among philosophers, that 
he movements of the planets are governed by a certain kind of in- 
luence exerted by the sun over them, would be enroneous;^lpr we 
ipid it to be a truth capable of the clearest and most logical demon- 
itration, that there cannot be any influence exerted by one substance 
:yer another, without a direct and a positive connection, of some 
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%.rt hriwttn x'lkote two substinces. To suppose Uie contnury, would 

tie ID nppo^e that there is a connection, and that there is not a con- 

nectioB ia the same breath, which is a self evident contradiction in 

term*- U'e holdsnch an influence, without such an actual c(iiniee> 

lioB. to be an impossibility in the nature of things, which., to gpeik 

rrr erentiall/. not even omnipotence can overcome, for God himself 

nerer claims to co that which '.s animposibility in the nature ofthingi' 

Oat it may be said that the Almighty created the universe with i 

fTMd aiid tiiat there is no positive connection between a mere word' 

and such a stupendous efioct. True, but if he created that unirene 

with a word, his all pervadiiijr Omnipotence was present to grr* 

that wotd etiicien^y ; for to suppose the contrary, would be to wip- 

poae that God can withdraw himself from a positive connection with 

hit own agencies, which is another self evident contradiction, ns- 

Jteasjron can undeify tlie Deity and make infinity finite. J 

Besidea, the opinions of Dr. Herschel, upon this subject are QS* 
philoaophical and contrary to known facts. Instead of undulating 
QT vibrating, light moves iu direct lines. This is capable of positive 
proofi The angle of incidence and that of reflection are the same. 
Let a stream of light fall upon a mirror at a particular angle, and it 
will be refleetcd from that mirror in an exactly an opposite angle.-* 
It is a tested and acknowledged fact, also, that light will not pau 
through a bent tobe. But if it moved in undulations or vibrationii 
like soundi this would not be the case, for sound will pass through 
8«ch.atiibe. These facts and arguments, therefore, prove that the 
hypothesis of Dr. Herschel, respecting light, is false and unphiloa^ 
ophical. 

The other theory, of which we spoke, is that of Sir Isaac Newton. 

It was the opinion of that great philosopher, that solar light is an in- 

fini?^*nn^l^fflnTia of matter or an emanation of inconceivably minute 

v.Mi*'^**y>''I^ ^"*™ the body of the sun, and darting in straight 

tjtf* T^.w«gh ihit space which is occupied by those opaque bodies 
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are governed bjr its influences. This hypotliesis we coiiaideff 
orrect and philodopical, if we regard it as an emanatioii of 
, different in its nature and essential properties [from pondera- 
NTtmatter^-if we regard it as an imponderable essence, as it 
iss is, governed by the yerj same laws, and exerting precisely 
ae agencies as the other imponderables, which we have already 
ifid. Newton, however, left some things unexplained in his 
of solar emanation, which, unless satisfactorily accounted for,' 
involve the subject in ah inexplicable difficulty. Although he 
ined the opinion that light was constituted by a flight of parti- 
>m the sun, and thus far was doubtless correct, yet he neglec- 
failed to aocount for the supply of that waste of the substance 
luu, which must unavoidably be the consequence. The ob- 
to his theory, who might wish to puzzle the philosopher, might 
i question, "Iflightbean emanation of infinitesimal atoms 
icles of matter from the orb of day, why is it not diminished— 
)t exhausted and blotted out? " And such a question toe wo«ld 
ery natural one, and deserving of attentive consideratidn.***- 
B constantly emanating from the Sun. This is a known and 
"ally acknowledged fact in science. Every conceivable point 
te for ninety-five millions of miles around that luminary to the 
of our earth, and so around the whole circumference of th»t 
) constantly filled with this light; and as light is estimated to 
rom the sun to the earth in eight minutes, then this whole en. 
tan of light, one hundred and eighty millions of miles indiam- 
d nearly fi^e hundred and forty millions of miles in circumfer- 
;ontaining billions Upon billions of cubic miles of light diffused 
3ace, is displaced every eight minutes by a new emanatioa— a 
)cean of light, and that by the flood-tides of another ocean, and 
another, and so^m to infinity; 

is this all. The whole space between lis and the fn off 
Hersohel is thus oomtiuitly filled with ligbt, a"* **< *»«l«t, 
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!• thus coOBtantly displaced, by wave succeeding wave ifl endleti 
succession. I 

Now the idea that this is matter which is thn< passing off from w 1 
sun with the glance of the lightning-flash, and filling every eight mm* 1^ 
utes an almost inconceivable area of space, would bid prepdsteloiiB in 1^ 
the extreme, unless there w6re, by some process 6f Aature^^ a& ftde- |y ^ 
^uate supply for such ail Hnihen^ and unavoidable waste. This coil' 
elusion is in strict ticcordance with every principle of philosophy* 
analogy and fact It i^ perfectly evident that particles flying off frofl^ 
a body must inevitably diminish that body. No matter how infintit0^ 
mally minute those particles, nor how Immensely large the td^ 
stance, this must be the case, so htttg SB the tfttiallest atom oiu^' 
ter conceivable p<jBgentl6B b6th length, breadth and thitkneslr. 

It can, then, b^ mtttheiflatically deriionstrat^d, as j^i^tfetf^y ks i^^ 
^robleol ofEiictid'evef Ti^as, th£l the i^; linsappKed titom tai^ 
eoufce, woiild, 16ng siiSce; have lieefi'frittefibd away by liifiniferaC^ 
feibstractions, aod-been utterly anmhilhted by tfahi waste,'eyen thov^^, 
we should, for the sake of argument, adopt the 8up^pit»sil3on, that ^ 
%nillion of cubic acres of those particles, wlnsn condensed sufficient!^' 
thould weigh no more than the ten thousandth part of a single graif ' 
for, however, vast in magaitude be the substance, such a dunoniticF^ 
tis must take place^by an emanation of particles so immense as iP 
iill a cubic bulk of space one hundred and eighty millions of ^les f^ 
miles in diameter, tuA aeaily five hundred aifd fbrty UHIions of 
miles in circumference every i^ight mmuc^, miaht certaiflljr &nnihl' 
late that substance completely in process of time. As ''a continual 
dropping wears away the solid rock," so a continual waste must 
eventually exhaust— completely and utterly exhaust even the bulki- 
est mass conceivable 

If light then, be the emenation ofinfiuitetsimal eflSuviafrom the sun; 
as it doubtless is, how shall we rescue the Newtonian theory from 
"me difficulties in which it seems to be involved? We must suppose 
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r that there^ is, ffomehow, an uiiseen and imperceptible retam of 

) particles, to the source from whence they emanated, or that 

great fount of light is <ionstantly fed by crealive agency con- 

tly exerted, or else, as the horrid alternative, diat the world 

Id long since have realized the terrific phantasies of Byron's po- 

dreaih on dkrkness, when — 

'The bright 'sun was extinguished, and the 8tar:> 
'Did wander darkling in the eternal space, 
'Rayless and pathless, and the icy earth 
"Swung blind and blackniugin the moonless air." 

he latter alternative, we know, hovvever, has not taken place, 

the proposition, that the waste is supplied by direct creative agen- 

is contrary to all the analogies of divine economy. When the 

ijghty created the universe, he created, also, it is presumed, all 

aataral laws and agencies by which that universe should be gov- 

id, until the present order of things shall be broken up by the 

B Omnipotent word and energy which established it and, 

"Final ruin fiercely drive her ploaghshare o'er creadon.' 

lid not leave his work naif done. He completed creation— 'he 
lounced the whole good, very good, and on the seventh day he 
k1 from his labor. It cannot be presumed that the process of 
ting new materials to supply any deficiency in this splendid ma- 
ery of worlds is now progressing. The supposition would he 
gatory to the skill of the great architect. It would be contrary 
le analogy of all his doings. Although there are continual chang- 
liog forward in the materials of which this globe and its surrotuid^ 
.tmesphere is constructed — although there be a ceaseless pro- 
lion of chemical decomposition and recompositioh among vari- 
lubstances — ^although what was a tree, one year, may, by trans- 
ation, become glass the next— or what was grass one day may 
me either flesh or milk or cheese or butter the next — or what wm 
in one age may be petrified into limestone the next, and 
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nf floating in th« wnter. become the wmtmalwnik wUch faoT M 
Ion are ptMtered. vet, it u presame^. tlwtiiot a nngle bnt ffX^^^^ 



hflif been added to the globe or its Tsried finnitare 
bower er modified it maj have been, either by nature or at. Q^ 
might imagine, poffaaps, that, in the eombastion ofimei,thtft ^ 
some destruction of material. Bat sneh is not the &cL Itkvi^' 
}y undergone a change- Every particle of it eziats some wiier^ 
either in rapoar or smoke er the gasses or in aahes. And s^ 
with every thing else. When the atreams dry ap in the seuono' 
dronghth, there is not a drop the less water than before. It u eilfaei' 
in the deep well springs of the earth, or is Dome aboat in the vapotfiov 
the atmosphere, nor is there a drop more when the streams are foil f 
nor was there, when the windows of heayea were opened, and lb0 
Ibuntains of the great deep were broken np, and the deloge coverea 
fifteen fathoms deep, the tops of thejhighest mountains. It was eith- 
er spouted up from the subterraneous reservoirs of earth, or the sfur' 
rounding atmosphere, which extends forty five miles above the glob^ 
gave out its watery treasures, or the mel^ icebergs came dowu '^^ 
torrents from the arctic and antarctic seas. 

From these an alogies, and a thousand others onmentioned, ^* 
infer that no creation of material is progressing to supply &e waste 
of the sun. Shall we then resort to the other hypothesis, that ^* 
otherwise unavoidable diminution of the sun is supplied by the re* 
turn, through some channel, of those same particles, which have ae 
complidbed the object of their mission? Lotus see what testimony 
analogy furuiahes npoiL this important subject, before v^ bazaard 
an answer. The humm body affords a good illustratioB. Tbe 
heart sends out the vital stream by successive pulsations; through 
its purple ohannels, to the eztremetiesj of the system, and is, in its 
torn, supplied by that same blood, which it sent out in its passage 
back through the little veins, to be again projected by the self moved 
-n^ioQ Qf the wondrous machine. 
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The wateri of the globe afford anoilier very good illuttration. — 
Yto ooean ii, as it were, the heart of the earth. By oThporation ic 
Mppliea the clonda with water, thia ii borne over the globe and dia- 
fhuged among the monntainoua regions, to supply the high hikes 
ittAfbimtains. These send forth the little rills and streams, whicli, 
• vuting in tlieir course, form rivers, which empty into the ocean 
f tgain and keep that immense reservoir nnexhansted. Now, what 
^ heart is to the human body, or the ocean to the globe. I con- 
eaire the sun to be to the solar system. Byjts mighty pulsations, it 
Nods oat its living stream to vitalize and onergiRO creation, and 
wben one pulsation has done its work, and given its share of the 
Qutling blush of health to the cheek of beauty, and of luxuriance 
to the verdure of vegetation, and of varied tints to the flower, and 
of ripeness to the mellow fruits, and of motion to the planets, it 
speeds on iu its lightning circuit, and gives plaee to anotlier pulsa- 
tion, and thus pulsation after pulsation chase each other in one in- 
terminable and ceaseless round, supplying by some inexplicable 
method of return, the waste which must otherwise accrue. 

We have considered th%Newtonian Theory of the materiality of 
light as correct, though not/natter in the common acceptation of the 
term, for it is totally different from any tangible, appreciable form 
of matter, with which we are acquainted — being imponderable, and 
immeasnrable, passing through transparent mediums without seem- 
ing to encounter any obstacle— entering readily into the eye, the 
tenderest and most delicate organ, without causing pain or being per- 
ceptible in its passage. The following appropriate extract from 
Fergusons Astronomy will forcibly illustrate the extreme subtlety 
and imponderability of this agent. ''Light consists of exceeding 
small particles of matter issuing (Vom a luminous ^body ; as from a 
lighted candle such particles of matter constantly flow in all direc- 
tions. Dr. NiEWEicTYT * computes, that in one second of time there 
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flowi 418,660,000,000,000,0(K),(K)0,0(H),(K)0,000,()(K),000,OOO.W 
particles ofligfat oat of a burning candle; which number coBttiu 
at least 6,337, ^2,000,000 times the nomber of grains of sand in iN 
whole Earth, supposing 100 grains of sand to be equal in length to 
an inch, and consequently, eyery cubic inch of the Earth to contun 
one million of such grains. 

These amazingly small particles, by striking upon our eyes, eiot^ 
in our minds the idea of light; and, if they were as large as tHe imall; 
est particlea.pfipatter discernible by our best mictoscopes, io8tea4 
of being serriceable to ns, they would soon deprive us of sight by 
tfaa force arising from their immense Telocity, which is above 1^ 
thousand miles every second*, or 1, 230,000 times swiAer than tiM 
motion of a cannon-bullet. And therefore, if the particles of lig^^ 
were so large, that a million.of them were equal in. bulk to anordiii> 
ary grain of sand, we durst no more open our eyes to the light, than 
■offer sand to be be shot point blank against them/' 

X<?ow,with respect tp^eztreme subtlety, does not light resemble el^* 
tricity. Is there any other agent in nature, which will pa«s thn* 
through the eye without affectmg it ezcep^electricity, for that will 
thus pass. Let a pointed rod be connected with an electric macbiu^' 
and a stream projected through the eye from that point will cause tio 
more pain than light-^, though differently modified. And if light he 
electricity, there would then be an additional argument in. favor of 
the supposition, that emanations of this fluid. return again, to their 
source, the sun, as all electricity, however mpdified, moves in a cifr 
cuit, and exhibits no effect except the circuit is closed. 

This is doubtless a novel idea, and may, for that reason alone, be 
considered, at first thought, chimerical and baseless. But we only 
ask calm reflection upon the subject, and candid attention to it, for, 
we are persuaded* that, afler mature consideration, it will not appear, 
so visionary, as may, at first glance, be supposed. If it perform.^ 

This will be demonstrated, ia.the eleventh Chapter, 
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'ucBit, it must be so immense, as to be almost bejond compatation. 

^^Biilnstmte tiys sobject, trace a single ray, for instance, in its pas" 

■fe Qrom the smi, out into space, for millions apon millions of milea, 

■'<' there would be a poiut in its outward paesage, and its conee- 

1<>ent continual divergence, that the ultimate particles, which consti- 

tated that ray, must of necessity begin to separate fro.n each other.—- 

no^r^ when they come to that point of incipient separation, whatbe- 

^xxies of them? If they make a complete circuit, as we believe they 

^» the ultimate particles, which composed the ray, would, when 

™^^ began to separate, (if they have the same organic laws as elec- 

^^^ity, whio^ we shall prove.) present their negative or minus .po< 

^^^^ toward the sun, and, ia that separated state, they would be 

^^^Vvn back to their source by the simple laws ol the attraction of 

^posite polarities, which we have already abundantly demon* 

•t«^ted. 

iBut it may be affirmed that, as light moves in stra ight lines, one 
t^^ft of our theory clashes with another, since, according to this view 
^^ the subject, it must move in auved lines. This apparent cUshing, 
However, is very easily explained, and this objection readily obvi- 
^t^. So inconceivably immense is that orbit, which is d escribed by 
^ ray, that, although it is actwUly^ circular, yet any perceptible part 
of the orbit, whish it describes, would appear to be gtraight to us, 
kikd thus there be no clashing between the two positions in reality. 
It would be very easy, we are aware, for a fruitful imagination to 
invent objections, but before our conclusions be confidently and 
positively denied, we would ask those, w ho would invent such ob- 
jections, to tell us what becomes of light, if it does not thua move in 
a circuit and thus return to its source. Is it annihilated, or does it 
become stagnated and dormant and lose its inherent activity ia tbe 
vnat abyss of spaiee ? And if it mov« not thus, aod return, we wo uld 
ask those, who invent such objections, if they are prepared, in. any 
uther plausible or rational way, to account for tlio otherwise uflft-. 
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^^0MunBl of the ran. If they can, we willwiii< 
y^yf : ^t^^\^ uil will pledge ooraelTei lo give up lU p**- 

^ ) ^''^jftfrAfvij opinion which we may have faurbored.— 

^.< ^0>f**V^j ihey are bound, we think, to consider well IM 

^ ^ *'j^ttig objections npon a sabject, when they koow not 

f 0^ ju^^ their objections are well foaaded. Firmly ba- 

ff^^T^giffer, that they j^nnot, we shall, for the present, atleut- 
^^^^ eowsluaioiia to whi^ we have already come. 






^ doobtleii, after having performed its office retumi to 
*^L^ and thus closes its circuit. Else, what, 1 ask, become? 
Jill the earth, for instauce drank in and retained all the light 
5itn thed upon it by the sun since creation ? If it bad we 
jt 10 be a proposition capable of the clearest demon strationt 



^ 



2«flU ^"^ been, by this time, a complete ball oi light like 

_^ Besides had.it retained all the rays which have fallen ap- 

^Biihe morning of time, its bulk ere this, would have been 

^ ^||hl|^ iaereased ; for, although light be imponderable, yet it 

I, and is capable of accumulation, like other matter, if 



jlot only would the earth be increased by this accumula- 
gifiy planet of the solar system, and the sun, as ^s^x'^ one 
^^^ ^U be proportionably diminished. And what would 
<l^^<|aeiice of such a dimunition of the one, and increase of 
!•■* I Wl*y»*^® perfect balance of the system, which producee 
^**'^ X.A1 regularity of revolution, that eclipses can be for- 
•tfk * ^g^^^^ ^^^ occurrence, to the definitoness of a sin- 
^'^-^nldbe entirely destroyed/ and the whole would rush 
' ^ofosion and darknes of ehaos. Neither the earth, 
^J^ 0^' bodies of the solar system have retained the 



■■^-—^.^ fallen upon them, but having been as completely 
te 4^*^^. Iirenty four hours of their existence as ever, they 
^ iignperabundance, the same as subRtanccs do^ when . 
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We have dweU upon this subject of the return of particlei to the 
■oil with the more minuteness, because, if true, it may account satis- 
bctorily for an important phenomenon, to which we shall have occa- 
aion to advert hereaAer. 

We shall defer until our next lecture, the further consideration of 
lius important and interesting subject, and hope, bgr still further ar- 
^nuent, and proof, to demonstrate the correctties s of our position: 
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LECTUIIEZI. 

SUBJECT— IIGHT— HEAT. 



T^ fjommencement of the present lecture will be the continua- i 
lion of iIm subject of the identity of solar light and electricity. Id *■ 
ilie dMcnnion of the subject, such a chain of proof will, wo thiiu^' 
^ linked together, as to be conclusive and irresistibly conviaciog* 

Ai the conrectnesi of our theory depends mainly upon the demon- 
•ntion of the proposition that light is electricity, we will proceed 
in the eumioation proofs. The two possess many properties i^ 
common. Ljght, generally speaking is attended with hcat—so is 
eleetrieitj. Light has iuconceivable rapidity of motion — so ha^ 
electricity. The one is imponderable, immeasurable, all-per\'ading 
— equally lO u the other. And what if th^y do vary in some of their 
appearances — ^vary in some of their effects and operations ? Does 
thai circumstance necessarily destroy their identity — their oneness in 
principle or in essence ? Certainly not. Known and acknowl- 
edged eVectrifiities thus vary, and tliat too, quite as widely. The 
^ark and tho shock of the electric machiae^are somewhat different 
from the galvanic current. ];_^The mctoric shower is different from 
ll» keen flash and fierce energy of ^the[,bursting thunderbolt. % The 
ViUuofihe the thunderbolt isdilTercnt from the mysterious cor- 
roMations of the Aurora Borealis and Aurora Australia, and these 
ajrain are all different from magnetism or magneto-electricity. — 
r^ fn the very same galvanic current, when modified by machinery 
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^ call, be demonstrated witli a piece of «pparatufl, is different under 
•M wt of circumstances, from what it is under anotlier. If a pcr- 
ton take hold Qf the poles of a small battery, and close the circuit, 
be receives nq shopk. But pass tliat same current around a helix 
^copper wire, enclosing soft iron, and forming what is called the 
xi|tgiieto-electric machine, and then, bj the action of the machine, 
•k person receives shocks whenever he closes the circuit, by taking 
kokl of tin tubes having a connection by conducting wires with the 
positive and negative poles of the helix. Thisp/'oves conddsivdy that 
^inniilarity in appearance or in action destroy not identity or one- 
9Ms in principle or in essence. This dissimilarity depends on modi- 
JicatioQ and on that nlone, the causes of which are, sometimes, 
apparent, and sometimes latent. The want then, of resemblance in 
>||^ respect between light and electricity, destroys not necessarily 
^Ir identity. And even on the score of similarity, they are, by no 
itteans, materially deficient. There are, in fact more points of mark- 
^ resemblance between them, than between many known and ac~ 
^owledged electricities — more, for instance, than between the Au- 
rora Borealis and magnetism. And were the attention of philosophers 
^ chemists turned to the investigation of this subject with all that 
intensity, which its importance demands, we are persuaded, that more 
resemblances still would be discovered. Who can tell, but thai, if» 
lyr any means, an immense number of rays, could be brought togetli- 
^r into one line of light, as they are brought to a focus by the lens 
or burning glass, and could they be continued onward in that line, 
without being scattered — who can tell, we say, but that this condensa; 
tionof rays might be one continual stream of fire, like that of tlie elec- 
tric fluid 7 

But a truce to supposition. We need not resort to hypothesis or 
conjectures to establish the plausibility, or even the logical certainty 
qf our argument. We appeal to facta-^ncontrovertible facts, to prove 
that light is electricity. These facts we shall glean from the ob.^erya- 
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tions of practical men, which [are preferable to any philosophical 
surmises or fine spun speculations. 

Lieutenant Johnson, of the British navy, often noticed that a 
considerable variation of the needle of the compass was pro- 
duced by the rays of the sua faUiag upon the glass which covers it. 

In support of this testimony, I have that of Mr. Harris, a re«- 
dent of Ravenna, Portage county Ohio, who had been a surveyor at 
the West more than twenty years, and who had often been engaged 
in running lines. In the commencement of his business, he 
weis^ften much troubled by the variation of the needle, and impa- 
ted it, at first, to the vicinity of iron ore, which is the popular solution 
generally given for such phenomena. But he noticed, after a while, 
that those vatiations occurred in a cloudless day, and just about noon, 
when the sun was vertical. The idea occurred to him, that it might 
be electricity, produced upon the glass cover by the suns rays. In 
order to test the correctness of that idea, when such variations oc* 
curred, he moistened the glass so as to disipate the electricity, and 
found by so doing, that the variation was instantly prevented.--' 
Si^ce tliat, he affirms that he has been no more troubled with the 
supposed attraction of metalic substances, and his remedy is an in- 

fallible preventive of the variations that so much troubled him. 

Since we first commenced the particular investigation of this snbr 
ject, in 1838, we have had frequent opportunities to consult the old- 
est and most observii^ practical surveyors, and they have, without 
an exception, in every instance, corroborated the statements of Mr. 
Harris, and Lieutenant Johnson. One whose name, for particular 
considerations, we shall omit, but who was as gooc^^uthority, proba- 
bly, as any one we have consulted, not only testified his firm be- 
lief in the cause assigned by Mr. Harris, but, suggested the thought, 
that both diurnal and annual variations oF the needle might, poss i- 
bly, be determined by the variations even of the thermometer. 

But some may, perhaps, be willing to acknowledge the premises, 
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from wliich we started, but deny the validity of our conclusions. — 
They may assent to the proposition, that electricity causes such va- 
riations of the needile, as we have been contemplating, and that that 
electricity may be produced by the mere friction of the suns rays 
upon the glass cover of Uie dompafi, but, that it cannot be the sun-light 
itaeli. This, however^ would be an assmption altogether unreason- 
able and unphilosophical. Even if produced by the friction of the 
rays, (which cannot be the case, since light passes so readily through 
a transparent medium, without friction,) either the light or the glass 
most give out the electricity ; for, in all cases, where electaicity is 
developed by friction, either the rubber or substance rubbed produ- 
oea it. The one siahstaoce, that affects the other, is, uniformly, the 
MKfltiince that is the generating agent. Even if light, then, produces 
tkleetrkity by friction upon the cover, it, aAer all, developes it from' 
its own Bubstiii^e, wl so, nothing is gained by \he objector, nor 
ore (Mir concluaions at all impaired. 

In addition to these iacts, which are, ef theixuelves, sufficient to 
dMQonstrate that light is electricity, it has been ascertained by the 
eeldlMrated Mrs. fiomervijle, of England, that by passing the suns 
nys ihro' 4 prism, and sepjMntingthem, by aaia]yzation,iato the seven 
^imitive colors, the Une oolor possesses the power of in^arting 
magnetis m or polarity to ths needle, and mugmtitm, we nc^w hnow, 
(o be electricity by experiments too eoaelusive to be eootroYerted. 

There is another very important fact respecting the oi|;aiiic lews 
of the constitution of both light and electricity, which famish ad- 
^tienal and weighty testimony in favor of identity . The attr«cti9n8 
of electricity decunsae mh eiaiot proportiea as tlMS^ufures of the dis- 
tance increase, in receding ftom an electrified body. This is pr^ 
eisely, (as we abould suppose,) the law of the div^igeBce of light, 
and this law, vvbis^ nus ihiwaghowt a^l the iwp<M»dftrRJUtts, i\j»S i ts 
origin in the losv df soUr MMBatifni Cur ^ivecgjeoefe, aqd tll9 ^uppjle 
»sase» wbjrthfi attractiiiL of sU bodies deorea^es in |KBOf«rtiD«y as 
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the squarei of the dutance increase, is because the emanating ih- 
Huence of all bodies, which constitutes attraction, obeys this law. 

The very strongest testimony, however, in proof of our proposi- 
Vion, is contained in the phenomena of the polarization^of light, by 
which it is demoustraied, that cfreiy particle of light, as well as of 
electricity, has opponU foUrities. rfhis curious subject will be more 
taWy examihed, whea we come to the discussion of the subject of 

caloric. 

By a fair logical deduction, then, with facts amply to sustain it; 

we, unhesitatingly infer that light is electricittf. 

Heat or caloric comes next in the order of remark, and, in the invei^ 
tigation of this subject we shall accumulate such an additional array of 
Tacts as rfiall establish our proposition beyond the slAdow of a doubt 
The same argumeiits \r\fich would ptbv^ thut Hght is an electric 
fluid are applicable, also, to the agent of beat. Heat like light is 
imponderable, subtle, etherial and alUprevading. No obstacle can 
stay lis passage. It insinuates itself between the particles of the 
densest bodies as though it were immaterial. Its power is pro- 
tligious — irresistible in its energies. It generates the tremendous 
);»ower that propels the steam boat ; and were it, or could it, by ai#y 
means, be confined in subterraneous volcanic ^caverns with bands 
strong enough, and there accumulated, it would, by the power of its 
expansive and explosive force, burst the solid globe to atoms, and 
^end its shattereid fragments in every direction tbrcfugh the vacilUm 
that snrroundu it. 

With a glass bulb and tube, for instance, otie of the energies of 
lieat, can be forcibly -demonstrated. By invertiiuut, and inserting 
Iheopen end in a basin of water ijn- its natural state, you wiH 
perceive no effect whatever. But, by passing into the tube the 

subtle agent of caloric from a spirit lamp, and again inverting it, you 
%riU see the water rise with gireat rapidity, and fill more than nine- 
teen twentieths of the tube. Thi« ahowi that heat hat the power to 
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^Pel the atmosphere and occupy its utead. But the moment you 
^^l«nipt to confine it there, by closing the tube, it is gone, like a 
^^'^gone like a viewless, iucorporeaL intangible thing, and the 
^Ater rushes up to fill that vacuum. 

Ifall the imponderables, as we b/Bre assumed, be identical, then 
I<i|fat akid Heat are the same— di^ coexist and are inseparable.— 
fiat, it many occur to some one, that those phosphorescent substan- 
ces, which emit light, do not, also, emit heat, and that our position 
Is, therefi>re, untenable. This conclusion is, however, altogether 
too hastily formed. It will be seen, by the following lucid extract 
from Turner, that heat is atwaffs necessary to make substances phoa.' 
phorescent. 

" The chemical agency of artificial light is analogous to that from 
the sun. In general the former is too feeble for producing any vis- 
ible effect ; but light of considerable intensity, such as that from ig. 
nited lime, darkens chloride of silver, and seems capable of exerting 
the same chemical agencies as solar light, t)^ough in a degree pro-' 
portionate to its inferior brilliancy. 

Light is emitted by some substances, either at common tempera- 
tures, or at a degree of heat disproportioned to the effect, giving rise 
(b an appearance which is called phosphorescence. This is exem- 
plified by a composition termed Canton's phosphorus, made by 
mixing three parts of calcined oyster-shellss with one of the flowers 
of sulphur, and exposing the mixture for an hour to a strong heat in 
a covered crucible. The same property is possessed by chloride of 
cakium (Homberg's phosphorus,) anhydrous nitrate of lime (Bald- 
wins's phosphorus,) some carbonates and sulphates of baryta, 
Btrontia, and lime, the diamond, some varieties •f fluor-spar called 
chlorophane, apatite, boracicacid, borax, sulphate of potassa, sea- 
salt, and by many other substances. Scarcely any of these phos- 
phori act unless they they have been previously exposed to light ; for 
some, diffused day-light or even lamp-light will euflk^j while oth- 
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en require the direct solar light, or tlie light of an electric dischfif^ 
Exposure for a few seconds to sunshine, enables Canton*s ph. 
phorus to emit light visible in a dark room for several hours vSt^* 
wards. Waimth increases the intensity of light., of will renew it al 
it has ceased ; bot it diminishcMy^ duration. When the phosphoi 
eence has ceased it may be restdnj||« and in general for any numt>^' 
of times, by renewed exposure to sunshine ; and the same eflfectnx^T 
be produced by passing electric discharges through the phophorC^* 
Some phosphori, as apatite and chlorophane, do not shine urB^'^" 
they are gently heated ; and yet, if exposed to a red heat, they \(W^^ 
Ae property so entirely, ^that exposure to solar Yight does not rested -^^ 
it. Mr. Pearsall has remarked that in these minerals the phosplp- ^^ 
teBtencBf destroyed by heat, is restored by electric discharges ; tlB- ^ 



tfpecimens of fluor-spar, ndt naturally phosphorescent, may here 
dered so by electricity ; and that this ageiit exalts the energy of ni^^^ 
ural phosphori in a very remarkable degree. The thet)iy of thetss-^^ 
phenomena, like that of light itself, is very obscure. They have bees^ ^ 
attributed to direct absorption of light, and its subsequent evolutioi 
Mtx^ the facft, that the color 6f the light emit ted is more dependent o 
the nature of the phesphoreseei^t body, than on the color of the ligk^- ^ 
to which it was- exposed, seems incon^stent with - this explanatioi^^ "^ 
Chemical action is lifot connected with ' the phenomena ; for th^^ 
phosphori shine in vacuo^ and in gases which do not act on them/ 
an^some even underwater. 

Another kind of phosphorescence is observable in some bodies 
trlsetv strongly heated. A piece of lime, for example, heated to a 
degree, which would only make other bodies red, emits a brilliant 
if^hite light of sttchintensity, that the eye cannot support its impress^ 
iott. 

A third species of phosphorescence is observed in the bodies of 
iitaie animals, either in the dead or living state. Some marine an-* 
ftftals, and pArticnlarlyfish^possess it in a remarkable degree.^ H^ 
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"^ay be witnessed in the body of the herring, which begins to phos- 
P^esce a day or two, aAer death, and before any visible sign of 
Putrefaction has set in. Sea-water is capable of dissolving the Ia« 
'Aiiiovs matter ; and it is probably from this cause that the waters 
of the ocean sometimes appear laminoos at night when agitated.— 
*tUB appearance is altiO ascribed to the presence of certain animaU 
Utiles, which. like the glow-worm of this country, or the fire-fly of 
of the West Indies, are naturally phosphorescent. " 

Light and heat, then, we regard as the same thing. They coexist 
9Liidare inseparable. All the percep tible dificrenee between them. 
Consists in volume or degree, and in volume or degree mlone, an4 
]u>t in nat^re. Li^^t exists either ro^/ant or in a state of diffusion. 
Hod, consequently, latent. It is radiant when coming from the son 
to the earth, but the moment it strikes the earth, it becomes latent^ 
but it is still light f^nst as much, though not seen, as it was before, 
and, could it be condensed into the same compass, and nbder the 
same circumstances as before; it would become just as radiant at 
before. 

Heat is only light in a state of diffusion, as we before remarked.-v 
This is proven by the fact, that, if you condense it suflfciei^tly, ypii 
make it light. Take a piece of iron, for instance, ^nd heat it to ^ 
certain point, and it is still latent, or invisible, but condense i| 
trifle more heat, upon the iron, and it begins to be light-condense 
more still and it grows lighter and so continue and you make i^ 
glow, at length, with a radiance almost as intense as that of the son 
at noonday, but still it is only heat. Light, then, is only heat eon^ 
densedf and, the more it is condensed, the more intense is that ra? 
diance ; and, on the other hand, heat when latent, or invisible, i* 
light in a state of diffusion. All die difference, then, between the 
two, is in volume or degree, and in volume or degree aUme. 

The same reiK rks spply with equal force to eh ctricity. When con- 
densed in the electric spark, or in the galvanic current, ot in tha 
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bhzing thunderboU, it is radUint electricity, but, when not conden* 
fed it it UUemi electricity, or electricity in a state of diffusion and 
inriaibilirf . Bat. whether radiant or latent, it is the same thingr 
pnciaelj, only eccamulated in difTerebt volumes. 

Some rappoee, that, when the electric spark, or the thundeibolt 
explodeey the electricity is destroyed. That, however, is an errone- 
ous eupposition, as can be proven by experiment. It only passes 
into a state of diffusion, and consequent invisibility, but is esaen- 
tiaHy the same thing as before, and, could it be collected again> 
wonU exhibit the same appearance, as before, and explode in & 
Auk eqoaDy uptense. 

Mr. Cross, a literary gentleman of England, passed several con- 

dnelon for SMoe distance over the trees in his park, and connected 
ihem all with a single one, which passed down through his parior> 
Ib tkia main conductor, which passed through his parloj, he had a 
jomt,ao constructed, that he could break the connection, and leate 
a ihoit interval between the two sections. Whenever he made the 
■eparation, whether in fair weather or in foul, there was a constant 
meeaaaion of brilliant electric sparks, passing from one conductor to 
tba other. Without this disconnection, the electricity would have 
over the conductor in just as great a volume, but would have 
hivisible or latent, and, of eonsequeuco, been the same pre- 
ciaely aa if radiant. 

Tte Act that luminous and invisible electricity ore the same, 
thov^ condensed more, in one instance than in the other, can be 
i n cO Mtf QTeitihly proven, by an experiment with what is called the 
f^iral tnbo or diamond neck lace. Over the glass, at \ery small 
interfak, aie glned little pieces of tin foil. There is probably a hun- 
dred of thoaa pieces, in a distance of two feet, and, as many spaces 
between tham. Now, communicate a ppark ofelectricity, either 
from the electric machine or a charged Le} den jar, and, 'in its pas- 
sage throngh the tube, it will become alternately lun^inous and la 
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^t one handred times in the distance oftwo feet, which certainly, 
^oaldnotbe the case, ifelectricity is destroyed or changed at all by 
^plosion. It is latent, when passing the tin foil, and laminoas, wbea 
ptssibg the intervals, simply because it is more difiused npon the 
^ foil than in the spaces. Such an alternate arrangement of tin foil 
and spaces might be extended, ontii they should number many mil- 
lions, and an electric spark would become alternately luminous and 
Utent as many millions of times, in its passage over them. All the 
difference, then, between radiant and invisible electricity is in vol? 
time or condensation, and light and heat, as we have seeUi exhibit 
precisely the same analogies. 

We will here briefly enumerate amass of additional facts, which 
show the identity qf caloric, light and electricity. 

Qood conductors of heat ore also good conductors of electricity 
and poor conductors of the one ore poor conductors of the other. 

If eat affects bodies inversely according to tlie squares of the dis- 
tance. This is the organic law of light, electricity and magnetism . 
It speaks volumes in favor of the proposition that the sun is the 
fpuntain <>f all electricity, since the has isof this principle, which runs 
through all the imponderables, seems to be laid in the law of the di- 
vergence or radiation of light. 

Heat radiates in all directions like light, and its angle of incidence 
and of reflection are the same. 

Vessels containing a hot liquid will radiate heat niuch faster, if they 
have a rough surface, than those which have a smooth and polished 
one. The reason of this is, because the rough surface has a great 
number of minute points^ from which the heat will escape, the same 
as electricity. The polished vessel has no paints for radiation, ant^, 
therefore, retains the heat. 

In accordance with the same law precisely, a polished vessel, 
containing cold water, when placed before a fire, will not be heated 
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np <|uicl£lyf as one having a xough lurface, because it prese 
faints to attract heat, but reflects it rather. 

A multitade of other facts could be collocated, to prove < 
siveljr that caloric and electricity are identical, but We mus 
the remainder of our remarks to the next lecture, where w( 
to demonstrate, among other-things^ihat caloric is, in fact, tb 
ning of the clouds. 



LECTURE XSJL 

SUBJECTS— HEAT— MAGNETIC ATTRACTION— THE AUROBiE, 



So important is tlie demonstration of the proposition, that caloric 
is identical with the other imponderab 1 es, tliat we need offer no ap 
ology for its prolonged discussion. 

That was an important era in the history of science, whenthe lightning 
of the clouds was identified with electricity. Quite as inipprtant will bo 
that era, when caloric and that lightning shall be demonstrated to be 
on£ and the sam& thing. If that ever take place, the propositions 
we have assumed will be proven to be correct, beyond the possibil' 
ity of cavil, or the shadow of adpubt. This subject, then, is richly 
worthy of a thorough investigation* What are the phenomena, at' 
tendant upon a thunderstorm, and what are the causes, which con- 
spire to produce it. Stprrns, attended with thunder and lightning, 
seldom occur, except in very warm weather; and tlie warmer the 
weather, the more frequent they are, and the more vivid, rapid and 
intense are the lurid flashes of the red bolt of heaven. They pre- 

I - 

vail in the northern zones in the summer, in the southern in the 
winter, and in the torrid regions throughout the year. This is the 
''modus operandi'' of their doings. 

During the hot weather of the summer months, a vast amount of 
caloric is poured dbwn from the sun, and diffuses itself throughout 
the waters of the fountains, rivers, lakes and oceans of the globe, and 
produces evaporation; for, it is a fact, which is generally acknowl- 
lodged, and which no oi|e will dispute, that caloric is the vaporizing 
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agent the world over. This vapour, when generated, rrsesy^iee know 
and forms tlie clouds. The caloric or heat, which originated it, 'n 
absolutely required to keep it in a state of vapour ; for, the moment 
it is abstracted by any process or cause, whatever, that moment va- 
por ceases to be vapor, and is condensed into v^ater again. This is 
proved by the condensation of vapor or steam, in a low pressure en* 
gine, instance, where, by the abstraction of its caloric by cold, it re* 
turns to water. 

Now, what takes place during a thunder storm, after a hot sultrf 
day, in which vast quantities of vapor were generated, and with 
which vast quantities of caloric rose to keep it in a .state of vapor— 
what takes place we ask during a thunder storm at such a timet— 
Why simply this. Clouds that are charged with caloric, some pins 
and others minus, or some positive and others negative, are drawn to- 
gether, by the strong aitraction of opposite polarities, two cloud?, 
hav'mg an affinity for each other, rush together — the caloric 
which kept the vapour in a state of vapor, is thus given out from one to 
the^otJier^ejrpIosioD takes place — tJje cause which produced the vapor, 
and kept it so, having vanished, it is condensed, of course, into wa- 
ter, and being then heavier than the surrounding medium — ^heavier 

than the circumambient atmosphere, wluch before sustained it, it 

f 
is immediately precipitated to the earth by gravitation , in the form o 

showers. 

If a thunder storm be watched, during the process of nlmbification, 
it will be seen that little dark clouds seem to congregate from every 
point of the compass, sometimes, and will conglomerate and thicken 
into deeper and deeper density and darkness, those, which have the 
le^st caloric rui^ the lowest, while those which have the greatest 
quantity, run the highest ; as they come parallel to each other, the 
lower strata will lift, while the upper will settle down, being attrac- 
ted by each other, until they come within striking distance, when tb^ 
plus of the upper strata is given out to the minus of the lower, ib 



OP MATTER. 177 

m explosion, and, during this conciisidion, a large share 
ic, which was treasured up in the vaporous vesdicles of 
, is ahstmctcd in thunderbolts, and thus copiouv dischnr- 
tnsed vapor Or water follow each flash. 
>unts for the reason, why the bolt, most generally, pass* 
d from the cloud to the earth. The upper strata being 
)Ut its caloric to the lower, which is always relatively 

therefore, the scathing fires of heaven oAener leap 
han in any other direction. 

;, then, or the electricity of the clouds, is nothing more 
n caloric, abstracted from vapor by strong chemical af- 

by explosion. It is radiant caloric, and caloric is Elec- 
3 believe that no philosopher, or chemist can account 
henomena of the thunderstorm, and of the lightning, in 
ay. 

that we stand not alone in the advocacy of such senti 
iriil quote from that rare and excellent work by Dr. Met- 
la/iew theory of terrestrial magnetism. 
bserved,long agoTiy Dr. Franklin, that masses of vaporjn 
ites of electricity, attracted each other far beyond what he 
riking distance. 

bably been remarked by every person of observation, 
isses of vapor from the ocean, on approaching a mass of 
r from the northern points of the compass, approximate 
vilh accelerated velocity, when the colder current of va- 
caloric from the warmer; and it is condensed into a ha- 
iloud. 

e rationale of aerial condensations. When a cloud is 
1, having parted with a portion of its caloric, it is minus 
:o all uncondensed or transparent vapor, which is plus, 
ecomes a centre of attiaciion, drawing to it successive 
apour, and abstracting their caloric, by which a p<*rpetu: 
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day, each side of them, and seem to shun tliem. The earthy 
ose sections, become plus and rarefies the clouds, as they 
ioats them higher, and prevents condensation. As a gener- 
mce, such spots are encroached upon gradttally by showers, 
' are, at length, made minus, and then they are visited by 
shing rain. 

a large tower be erected, some one or two thousand feet 
the very centre of the great desert of Zahara, and could its 
;pt filled with ice, it would be the cause of the perpetual nim- 
ofclouds, by its abstraction, of their coZoric* The consequence 
tnat it would be visited with frequent and vivifying showers, 
in is the great fountain of light. Were it, however, extin- 
as in Byrons poetic dream on darkness, there would be nei/ 
sor electricity, and on the other hand, were there no heat 
ricity, there could be no light; for light is necessarily pro-' 
y the heat, which is indispensably requisite, to render sub- 
ombustible, and, without which, they would not ignite, nor 
3onJbustible, nor luminous at all. They are inseparable 
h other, and from electricity, and if you destroy the exist-' 
he one, by the same process, you destroy the existence' 

ct is, the sun, which sends forth its streams of light and 
he great fountain of electricity— the great galvanic battery 
iar system. Could itbe stripped, at tfnce, of these splen-* 
ich sweep incessantly over the vast domain of its dependent 
and lie left a dark, cold, opaque body, what think'you, would 
msequence? Why, in less than twenty four hours, yea, in 
I twelve hours, this globe would become a solid mass of ice, 
rface to centre, as weH as eyery other body of the solar sys- 
'he very atmosphere would, be congealed into an iceberg .-^"^ 
rt of nature would cease to beat. The pnlse of nature' 
land ■till :— The powers of nature would all be palsied, chill-' 
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ed, and frozen lo dealli. In anch a supposed contingeiicy, the ^^f 
if ihcy moved at all, would wander, cheerless, black and witi»»* 
order, througti the vast expanse of desolation, dashing madly ag»w** 
<»aoh other, in their blind and ungoverned career. 

Or vUi\ H*» is nioj»t probable, in such a contingency, all motion 
would bo stagnated, and every energy, every muscle, eveiy nerve 
of the uhivcrsc would bo withered, stiffened , clothed with theri^i^' 
ity of death. All sound would die away upon the palpable bl«^' 
uess oC chaos. No elastic medium would convey the tones ofhan'*^' 
ny by i(R vihrntions. All nature would be dumb. 

While thinking upon this subject, I have permitted imaginati<>^ ' 
Fomotimes, to have unfettered sway, and to sketch !he gloomy p*^' 
ture of the reality of such a supposition. In doing so, no desc^'^IP' 
tiou i>C iho scene which I could paint, seemed so graphic, as the 
guage of Byrous poetic dream on darkness, when 

The world was void! 

"The populous and powerful was a lump 
"S«asonlcss, licrblesd.irceless, manless, lifeless, 
"A lump of death — a chaos of hard clay. 
"The rivers, lakes and oceans all stood still, 
"And nothing stirred within their silent depths. 
"Ships snilofless, lay rottiogon the sea, 
"And their masts fell down piece meal — 
"As ilicy dropped, tliey slept upon the abyss without a so. 
"The waves were dead. Tlie tides were in their graved " 
"The moon, their miairess, had expired before, 
*'The winds were withered in the stagnant air. 
"And the clouds perbhed. Darkness had no*need 
• 'Of aid from them*— SHE WAsjTHEUNrvERSE. ^ 

Tliib description, or a description like this, though almost hor^^ 
enough, to make tlie blood run chill, wouW be no fiction- QhoiM^ 



tiie light aud caloricof the sun be abstracted from the universe, th9 
Would be no electricity. It would, with the rapidity of a flo&h, cof^' 
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F^ti iticircmt, and perish with its cause. It could be no longer el- 
^iMl by friction. No galvanic arrangement of metalic plates, conUl 
ffodQce It* And then, motion would cease; — ^All life would instantfy 
^Mome extinct, and darkness and death would reign triun)phanl 
Md oniyersal. 

In view of the facts and arguments, which have alread^r been sub- 
mitted to the reader, we shall, now, consider it a conceded point, 
tBttwe have proven the identity bettDcen solar light, caloric' and eUc- 
^ffidtjf. To test, still further the correctness of the principles advo- 
^ted, we will proceed to account, if possible, for certain mysterioui 
fiad hitherto inc^rutable phenomena, which can be satisfactorilj ab- 
oonnted for, if our positions be, at all, tenable. 
' l*hei^ have, fbr ages, been certain vague and indefinite ideas, 
floating in the public mind, respecting the cause of magnetic attrac- 
tion. While some have thought, that there was a certain incom- 
'prehensible control over the needle of the compass exerted by the 
kiorth pole star, others have approached somewhat nearer to 
scientific accuracy, by ascribing this controling influence to terres- 
trial magnetism. But Aou; terrestrial magnetism is produced, and by 
what laws it is governed, the later class have been about as much in 
the dark, as the former. But, if the positions we have assumed be 
dne— ^if solar light and heat be electricity, and, if the sun be its 
fountain, we have a key, which will unlock all this mystery, which 
has hitherto been so inscrutable. To this important and useful pur- 
pose we will then apply it. 

. How, upon the theory, that the sun is the foutitaui of electric in- 
fluences, is terrestrial magnetism] accounted for ? The sun being 
the great galvanic reservoir, pours its streams of light and heaf, 
lwriaca%, upon the space embracing 47 degrees of the earths middle 
regions, or 23 j degrees each side of the equator, constituting the 
torrid zone. Let the temperature of the other zones varv as it 
may, the beat of the torrid is always an iformi and alw > 




* ^« t«*Jr^**=*" **«,ir^.^ •'*P*«i«lr«» 




r.iUtti« -* i <^p[tti^ •e-^k.l !^^**^ ***»«» 







**«'««b.coii. 



OfF HATTER. 183 

*^iie&ce of the coiiibiaed action of those two forcM. Whj, thert 
will be two strong currents of electricity, rushing, continually, with 
^toing [speed, from the equator, each way, and these currents 
^, if this theory be true, run towards the point of greatest cold, 
lUirtfa and south, instead of the geographic pole. 

Some, perhaps, might contend, that if the streams of caloric con- 

*titate the directive power, which is exerted, by some agent over the 

needle of the compass, they must move spirally, in order to exert that 

influence, which is actually exerted. Such may confidently infer 

this, from the fact tiiat certain experiments have been made, which 

would seem to prove it. A sheet iron globe has been constructedf 

and so wound spirally, from the north to the south pole,with insulated 

copper wire, that it would make the needle arrange itself north and 

south, whenever the galvanic current was sent through the wire 

from one pole %d the other, by connecting the wires at the two poles 

with the poles of the galvanic battery. 

But the inference, that such must be the spiral course of the elec- 
tric current around the earth, by no means follows from this experi« 
iment ; for, it must be recollected, that there are two different cur- 
rents, or two currents, running in opposite directions from tiie 
equator to the poles, with their polarities arranged, of course, ia 
(Opposite directions, the same, precisely, as if,from the equator towards 
the poles of such a hollow sphere, two currents should be sent in 
opposite directions from two galvanic batteries. By such anexperl. 
ment, it could be demonstrated, conclusively, that the needle would 
arrange itself north and south, without having the galvanic fluid 
circulate around spirally. 

But it would not discredit the correctness of our theory at all, if it 
were necessary that there should be spiral currents, for there is, doubt- 
less a minor current, running spirally around the earth, from west 
to east, owing to the fact, that, by the diurnal revolution, that side of 
the earth, which is in darkness, is relatively minus, when compared 
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with tlist part, wbicb if under the immediate inflaence of the lun- 
light. 

Now then, for the explanation of magnetic attraction. It has been 
i^certained by experiment, that currents of eleetric ity will influence 
the needle. The reason then, why the north pole guides the needle 
when north of the equator, and the south pole when south ef dM 
equator is perfectly obvious. These currents of electricity, mshi^f 
fh>m the equator to the poles, constitute what is called terrestrial 
magnetism. They give direction to the needle of the compass.— 
As the point of greatest cold varies, so they vary, and as they rarjr 
#0 the needle varies. 

Were the Geographic pole of the earth the point of attraction, a^t 
hat been supposed by some, the needle would never vary at all, bat, 4 
as it is, it varies both diumally and annually, because there ari:';;| 
causes always operating at the north pole to change the point flr% 
greatest cold, particularly in the summer season, when the floatiii| ~j| 
icebergs or Ice islands of the Arctic are continually changing theif _- 
position. 

There are other mysterious phenomena which can be rationally 
and philosophically accounted for, ofdy, upon the supposition, th»^ 
there are such currents of electricity, as we have been describing.—^ 
rthey are the Aurora Borealis and Aurora Australis or the northen^ 
and southern lights, for there are southern lights as well as northern. 
If caloric be electricity as we have supposed, and there are cu^ 
rents passing from the torrid, to the point of greateM cold, in the 
frigid zone, the question arises '* what becomes of this electric fluids 
when it arrives at that point of greatest cold ? " Why, it streams 
up into the rarer regions of the aimosphere, ahd in its return to the 
equator, it spreads out into the lambent, waving light, exhibited by 
.the aurora, the appearance being the same precisely, as electricity 
exhibits, when passing through an exhausted tube, the same cause 
-rthe rarity of the atmosphere, operating in both cases, to produce 
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"•e^bnn otan explosion, and, during this coiiciission, a large share 

of the caloric, which was treasured up in the vaporous vessicles of 

Wtb clouds, is abstracted in thunderbolts, and thus copious dischnr ■ 

S^ ttf condensed vapor tr water follow each flash. 

Tbis accounts for tlie reason, why the bolt, most generally, pass- 
^^wnward from the cloud to the earth. The upper strata being 
pits, gives out its caloric to the lower, which is always relntively 
'lUaas, and, therefore, the scathing fires of heaven oAeuer leap 
downward than in any otiier direction. 

Lightning, then, or the electricity of the clouds, is nothing more 
Hot less than caloric, abstracted from vapor by strong chemical af- 
finities, and by explosion. It is radiant caloric, and caloric is Elcc 
tricity. We believe that no philosopher, or chemist can account 
for all the phenomena of the thunderstorm, and of the lightning, in 
aiiy\>ther way. 

To show that we stand not alone in the advocacy of such senti 
ments, we will quote from that rare and excellent work by Dr. Met- 
calf, entitled a/iew theory of terrestrial magnetism. 

"It was observed, long agoTiy Dr. Franklin, that masses of vapor J n 
different states of electricity, attracted each other far beyond what ho 
palled the striking distance. 

It has probably been remarked by every person of observation, 
that light masses of vapor from the ocean, on approaching a mass of 
colder vapqr from the northern points of the compass, approximate 
jeach other with accelerated velocity, when the colder current of va- 
por attracts caloric from the warmer; and it is condensed into a ha- 
zy mist or cloud. 

This is the rationale of aerial condensations. When a cloud is 
once formed, having parted with a portion of its caloric, it is minus 
in relation to all uncondensed or transparent vapor, which is plus. 
So that it becomes a centre of attiaciion, drawing to it successive 
piasses of vapour, and abstracting their caloric, by which a perpetu: 
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thtt ealorieUr in fact, eleetricitj, short of actual mathematical deni'. 
olMtrationt Oim, who conld not be conyinced by such an at raj of 
IbeH, Mch rapporting the other, could hardly be convinced, we 
glKHild be inclined to rappose, by the evidence of his senses. He 
fpoald be like lliatantient sect of sceptical philosophers, who doabt- 
«d •▼•17 thin|p— even their own identity. 

In onr next lecture, we shall connect together several other impor- 
litt liidcs, in our chain of testimony in favor of the identity of sH 
Iht imponderables. 



^ 



LECTURE Zm. 

SrajBCTS— GRAVITATION— COHESION— MOTION OF PLANETS. 



Iif contiBQation of our explanations of various mysterious phenom- 
ena of natnre, which have, heretofore, been left unex plained, or en- 
"^^B loped in a metaphysical fog, we would remark, that there are yet 
^ther important and essential links, in the chain of evidence, which 
^€ have been linking together, all of which will have a tendency to 
*^ake the logical accuracy of our deductions more clear, and our con- 
tusions more and more undeniable and convincing. 

Gravitation, another imponderable principle of nature, is one of 
'^ose links — a link too which, so far from diminishing or imparing, 
in the slightest degree, the strength of tlie previous chain of deduc- 
tion, adds to it increasing power of tenacity, and resistance to efforts 
of prejudice or scepticism to break it — a link, which is intimately con- 
nected, as we shall attempt to show, with the mysterious power of 
electro-magnetism. 

No topic, in the whole range of the sciences, has, heretofore, seem- 
ed to students more unaccountable — more involved in a dark and- 
misty shroud of uncertainty, than gravitation. Upon what known 
philosophical, astronomical, or chemical law, bodies, within a cer- 
t&in distance, are attracted towards the earth, has, for a long time 
been regarded by the learned and treated, as an inexplicable enigma. 

It is no solution of the riddle— no satisfactory explanation, to af- 
firm, that it is eutraction. If the attempt be made, by any one, so te 
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dcfia* it, the qaeBtum instaDtly saggests itself to the ansatiified Toim p 
ofthediUigeotenqoirar after scientific trath — what] coMNf this at* 
tnction — wbj do all bodies, when ansupported in mid air, (all ^ 
the earth, instead of flying off in a .tangent — aimy from it, into 
space ?*' We answer, that there mast be some dtfimtt reason exist- 
ing in the nature of things for this phenomenon. What, then, is that 
reason! 

It will not avail any thiog, as vre have seen, to say, that it is attrae- 
tion, or, that it is the attraction of Gravitation. This method of 
solving die enigma would only be reasoning in a circle, as log- 
icians would call it-^wonld be only giving a simpletons solutiso, 
by saying that a thing is so, hteauae it is so. It conveys no definits 
pdea to the mind — ^is referable to no general scientific law. So fai 
as purposes of lucid and perspicuous illustration are concerned, it 
might just as well be said, that attraction of attraction causes that 
lUiown disposition of bodies to seek the earth, as to be said, that the, 
attraction of jTM^taHoa causes it, for, the words, indicating or defi- 
ning the camstf are, in both cases, equally vague, having no definite 
idea attached to either of them. If we are told that all bodies of any 
bulk and density, have an inherent tendency to approach, other bod* 
ies of matter larger and heavier than themselves, upon the principla 
of attraction, and that this is the attraction of gravitation, is it any 
explanation at all? Certainly not. Instead of throwing any light 
upon the subject, it is only the substitution of one vague term, for 
another term equally vague. The question still rushes upon the 
nnaatisfied mind, with undiminished'force—r'' What causes this grav- 
itating tendency ? Why do bodies tend downward towards the earth 
instead of upwards from it ? " . 

Shall it be said that it is an insolvahle mystery, which is beyond 
|he ken of human investigation, and so let it pass? Will men per- 
mit themselves to be thus bafiled in their researches into the nature 
#Qd C4ase9 of things, by difficulties, which, perhaps, a stern and un- 
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^^^Adkif perseverance might overcome? This would be neither 
^latnor manty. There is not, we are persuaded, the cause ufa sin- 
fUioHtary effect of any kind in the universe, except the great uncre- 
ated Cause of all elTects — or, in other words, a single seccondary 
<^se of any effect whatever, which m^y not, in time, by patient and 
Persevering investigation — by comparing laws and agencies and in- 
flttencesf be satisfactorily ascertained. 

What, for instance, is a fundamental law of electrical attraction? — 
Why, an excited body, attracts an unexcited body,' that approaclies 
i|,in exact proportion to the squares of the distance. Iron, 
when temporarily magnetised- by the galvanic or electric fluid, or 
iteel, when permanently magnetised, attracts contiguous metals pre. 
eisely in the same proportions, and, altliough magnetism and electrie- 
i^, were once thought to have no port of alliance with each other, 
yet, they are now proven, beyond controversy, to be but one. And 
what may we infer from this coincidence between the two, and the 
identity of their laws and agencies? Why, that any other imponder- 
able, which shall exhibit the operationof the same governing laws, with- 
QVLt a shade of difference, may. also, yea, and will be found to be 
produced by, the very some caiise, upon tlie inimutable principle o( 

nature, that like causes produce like effects. 

H^re then we have a key to unlock the mystery of gravitation — a 
rftle to solve every enigma, and every difficulty satisfactorily. The 
attraction which the earth exerts over lose bodies above its surface, 
is governed by the very same laws precisely^ as magnetism and elec^ 
trical attraction— it draws them, with a force, which varies in inverse 
proportions according to the squares of the distance. 

Gravitation, .then, is nothing more, nor less than terrestrial mag- 
netism, produced, as all magnetism is produced, by electricity, and 
that electricity, streaming down from the source of all electricity, the 
sun. Before this theory, every difficulty which surrounds the sub^ 
jept of gravitation, vanishes at once. The phenomena of bo(i^ie^. 
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fimTittliiig towaris the eirth caA be thua accounted Tor by the ope^ 
aiioB of kaowB. and adnowledged, and tested scientific laws. The 
earth U. infiKt, a magnet— eidubiting all die properties of a magnet 
—attracting the needle la the pele like a magnet— drawing bodies lo 
itaelf with a force precisely conformable to die attractive foice or 
inflnence of a magnet, is made a magnet bj electricity-HUid 
that electricitj is the light and caloric that stream from the sun. 
The attraction of gravitation, then, is the attraction of tenestii&l 
magnetism. 

It has been the cairent opiaioa . among the mass of the eommanity, 
and even among scholars, that every thing is attracted towards the 
centre of the earth, as though that possessed some mysterious, tunc* 
countable power of attraction over substances, somewhat akin to 
the nnphilosiphical opinion, that the North pole star guides the 
needle of the compass, and that it incieased all the way to that centre* 
Bat rach is, by no means the case. - The attraction of Gravitation, 
instead of being the greatest at the centre, is the greatest at the m^ 
/«» of the earth. 

Were it possible, for instance, to perforate through the earth, ex> 
aetly at the magnetic centre, instead of the geographic, a substance, 
fhich might weigh hundreds of tons at the surface, would weigh 
nst nothing at all at that centre. It would be suspended there, were 
.he space large enough, without aoy apparent support, like a light 
needle, when suspended within a helix, or coil of insulatsd copper 
wire, while passing a current of galvanism around it. And why 
wovMdiisbe the case? Because the electrical or magnetic attrac- 
tion would be equal on all sides of the centre of the earth, and, there- 
fofe, a sobstance, which would weigh several tons at the surface, 
woiild there be perfectly bal lanced, without support, and would, in 
that position, weigh just nothing at all, since all weight depends up- 
on attraction, and that weight is exactly proportional to the attrac- 
tion. As the power of the attraction is equal on all sides of the cen- 
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^ oftbe earth, and, as attraction one way, without a corresponding 
i^Ur^tion the other , causes all weight, therefore, a substance at this 
^ntre, must weigh nothing, because the attraction being in all di- 
fjBctions equal, must be neutralized. 

The attraction oi gravitation, or, in other words, the attraction of 
fenestrial magnetism^ which is the the same thing precisely, is the 
greatest at the «tfi/ace of the earth. It may be asked, then, — ''Why 
do all falling bodies, fall toward the centre?*' Simply because the 
vadiations of magnetism obey the same law, precisely, as the radia- 
tions of light. The lines of these radii if continued on within the 
surface, or through the earth, from one side to the other, would in- 
tersect the centre, and the attractions of the surface are, therefore, di- 
rectly totoard the centre. 

From the fact, that the radiations of magnetism, obey the law of 
die radiations of solar light, and all other light.^^nat is, frdrn' the' 
fitct, that the divergence of the radiations of magnetism is, in the ex* 
ftct propt>Ttiott of the squares of tne distance, the same as the diverg- 
ence of light, Gravitation, therefore, attracts all bodies arouhd it, in' 
proportion to the squares of the distance of those bodies. So that 
die organic laws of magnetism, light and Gravitation are the same, 
Mid, like laws produce like effects as well as like causes. 

Before dismissing the interesting subject of Grravitation, we would 
express our belief, that it is a proposition, capable of demonstration, 
that an increase of the material of the earth, would increase its 
attraction, in precisely the ratio of the increase of the attraction of the 
magnet, by the increase oCits material. Were the material of the earth 
doubled f for instance, its attraction would be quadrupled, precisely in 
accordance with the law of the divergence of light, er the radiations of 
electricity. Consequently the weight of all bodies upon its surface, 
of the same bulk and density, would, in such a supposed contingency, 
be quadrupled in accordance with an imnra table law. 

Now, from alV that has been said, does it not appear perfectly evi- 
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dent, that gravitation has a cause, as definite and as easily expIaiQ0<f/ 
as magnetism, which caiise is precisely the same. The.great mag* 
net of Professor Henry, for instance, to which we have ahready allo^ 
ded, would, when fully charged with the galvanic current, ntfUraliti 
all the power of the eartA '5 gravitation, and make a body gravit&te 
upwards from the earth, with a power equal to two or thru <0M.-* 
And why ? Simply because a vast volume of electricity was accanitt-: 
lated there in a small compass, by means of the insulated copper 
wires, around which the galvanic fluid circulated. Electricity or 
light, then, we can legitimately conclude, is the cause of gravitation- 

The attraction of cohesion has the same cause, as the attraction of 
gravitation. They are both, doubtliBss; -produced by that electric 
cause, the light and caloric of the sun. The one is the attraction be- 
Xweeti large masses, and the other between the component partusUt 
af those masses, the one attracts at great distances, and the other at 
insensible distances — their attractions are, therefore; the same in es- 
sence, though not in volume or degree. What holds the armature of 
Henry's largu magnet, when enlarged, but th« simple power oi cohesive 
attractiou between the particles of the iron, which composes the ma- 
terial of the magnet and armature, which cohesive power is caused 
by electricity? We believe it is nothing else. The same power, 
precisely, holds the particles of all bodies toge&er, and that power 
of cohesive attrdctioi) varies oflen as the amount oClalent calorie va- 
ries. Abstract the latent caloric of iron, for iustanc e, by intense cold, 
or by any other cause and yon, in a proportionable degree, destroy 
its cohesive attraction, and make it brittle. This is proven by the 
ease, with whicTi iron is fractured, in the intense cold of the winter. 

By hammering iron when cold, or by rolling it in a rolling 
in ill, it will also become brittle. And why ? Because the caloric 
^'hich constitutes cohesive attraction, is pressed out upon the surface, 
by closing the pores. This is proven by the fact that caloric accu- 
:;nulatcs upon the surface, in proportion as the pores of the iron are 
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I by the rolliug mill or the hammer, which drive oat the la- 
ic. 

ious phenomena of capillary attraction can be referred to 
;au8e, as cohesion — to the caloric, that electrifies all lob- 
der its influence. The tallow, that composes the eaadle, 
e, is drawn up into the wick, during combustion, by capill- 
ion, and that attraction is caused by the caloric set free da- 
ion. 

well aware, that many objections to the validity ofour po- 
; be started by fruitful imaginations, which may appear 
ind seem to conflict with the conclusiobs, which we have 
t which must be deceptive, since the laws of aataredo not 
, if some of the reasons, and the modes of her' operatioQs 
I the ken of the acutestand most penetrating scrutiny, it 
^noconclusivo proof that we are incorrect. The quea 
ply this. Have our deductions appeared rational, and in 
) with known aud tested laws, and have they been amply 
by an accumulation of appropriate facts? If so, we are un- 
igation to explain mysteries in the essential attribiUes of an 
le we are attempting to trace merely the effects of that 
most of those objections, which are or may be started, 
nd, upou close scrutiny, to relate to essence rather than tQ 
« operandi f of that essence. 

estions as these, for instance, may be asked by the cavill- 
dr. If caloric be the cause of cohesive attraction, why will 
lation entirely destroy cohesive attraction, as in the instance 
ed metals? Or, if caloric be electricity, and, if electricity 
ism, why does not its accumulation around the large gal- 
net, make that large magnet hot? Or, why will this 
ier one set of circumstances, produce an effect, and under 
istroy that same effect, it produces, if "like causes produce 
?" These, and a thousand other questions, might be pro" 

Q 
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fofed by Uie objector, which are more easily asked than answerecT. 

But, tu show that they relate to essence, we will ask some qaestions 
equally puzzling, about electricity, where there can be no mistake 
about the identity of the agent. Why will the very same current of 
galvinsm produce both an acid and an alkaline taste? Why will elec- 
ridity, under one setofcircumsiances, make a magnet, and why, un- 
der other circumstances, will it destroy that same magnet. It wilf 
be readily perceived, that it is much easier to **ask questions than to 
a'hstoer them,'' and that such questions refer rather to an explanation 
of essence than of effect. That essence of electricity, we never attemp* 
ted, nor have we ever proposed, to explain. It is a wonderful agent, 
and as mysterious as it is wonderful. Its eSects are varied by count- 
less myriads of modifications, and these effects, we investigate, rath- 
er than the inscrutable reasons, why those modifications should be so 
multitudiiroua, and why they should, in some cases appear to clash. 

To' sho^ that we stand not alone in the advocacy of the opinion, 
that cohesive and capillary attraction are pr-oduced by caloric or elec- 
tricity, we will quote from Metcalf's " New Theory of Terrestrial 
Magnetism. " Speaking of caloric he says: — " It seems to be a 
general law of this subtle element, that it repels its own particles, 
And is attracted, though unequally, by all other matter, with an in- 
creased ratio, as tlie squares of the distance diminish. * 

" From which it follows, that when caloric is withdrawn from a 
tody,, that body has a stronger affinity for caloric, than one which is 
filled with it ; and two bodies charged with caloric, one plus and the 
other minus, will attract each other with a force proportioned to the 
diflTerent quantities of caloric which they contain, and to the rapidity 
of its conduction from one to the other. 

•* An experiment, which I inadvertently made when a child, strik- 
higly illustrates this principle. On the morning of" cold Friday, " 

* We do not believe in the above proposition, so far as reciprocal attrac- 
tion is concerned. This would, aa we have eUe where shown, destroy th« 
"vis inertia" of ponderable D>f**"- 
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'"^ it was called, throng^ the Western couDtrj, I applied my tongue to 
^ plate of cold iron, while the mercury waa about 15 degrees be- 
low zero, when it adh^red with such force, that the skin was remov- 
ed on separating it. Captain Scoresby relates, that frequently such 
"^as the intensity of cold in the Arctic seas, that tlie handsofthe sailors 
^ered fast to whatever metals ihey touched. 

" In all such cases the temperature of the living body is from 115 
to 140 degrees higher than that of the metals : — ia other words, tho 
living body is charged plus, while they are minus ; and the attraction 
continues until the equilibrium is restored, when it ceases. 

** The same attraction takes place, when the hand is applied to 
metals heated greatly above the lemperaluro of the living body ; and 
for the same reason, one of the two bodies being charged plus and 
the other minus. 

" When the temperature of metals is greatly reduced, they bcr 
come brittle, so that a slight blow will fracture them ; the same ef- 
fect is produced on iron by hammering, which presses out, and ex- 
pels from it, that portion of caloric, which is necessary to its cohe- 
sion and malleability. Hence it follows, that a certain amount of 
caloric between the particles of matter is requisite to maintain their 
cohesion; but when the amount of caloric is increased beyond a 
certain extent, it separates the particles, and thus diminishes, or 
overcomes, the power of cohesion. 

" A great variety of facts may be adduced, to show, that capillary 
attraction, is owing to the operation of tlie same law. For example; 
if a piece of sugar be put into a glass of water, a portion of the 
caloric of fluidity leaves the water, enters among tho particles qf 
sugar, and diffuses itself equally throughout the whole. During 
this absorption of caloiic by the sugar, the temperature of the re- 
sulting mixture is somewhat reduced, proving that, in relation to 
the water, the sugar is minus or negative, and the water is plus or 
positive. 
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" If the piece of sugar be cut into a cylindrical form, of one oi 
two inches in diameter and five or six inches long, and one end of it 
onljbe inserted into a glass of water, the caloric of the positive 
fluid being strongly attracted by the negative sugar, pervades it ra- 
pidly throughout, until the equilibrium is restored, when the entire 
mass is dissolved. 

" M. Lehot found by experiment, that under the same pressure, 
water rises higher in vertical capillary tubes, as its temperature is 
elevated. (Bibl. Univers. Mars. 1820, p. 225.) 

** The phenomena of a burning candle illustrate the agency of ca- 
loric in producing capillary attraction in a very striking manner.-* 
The wick is ignited, the tallow rendered fluid, and attracted by ca- 
loric so as to furnish a continual supply of combustible matter to 
the wick, which is decomposed and expanded into flame or light.— 
The force and irapidity of capillary attraction, all other tilings being 
equal, are in proportion to the amount of heat given out in the 

wick. 

'' Capillary and cohesive attractions are only modified eflects of 

the same cause. It is the attraction of caloric for the particles of 

water, that holds them together ; that gives its drops their globular 

form; as it is the attraction of caloric for porous solids, and capillary 

tubes, that raises the water above its ordinary level." 

If light and caloric be electricity, and the sun be the sole fountain, 
from which it issues, as we have attempted, iu previous lectures, to 
demonstrate, then its influence over the planets, that revolve around 
it, must also be an electric influence. If their motions are produced 
by the influence of the sun, then, those motions must be governed by 
the laws which govern the electric agent. 

We approach the discussion of this subject, with the feeling, that 
it is the most important, as well as the most interesting of any con- 
tained in the whole series of lectin es. If we shall demonstrate, that 
ijje revoIutioHs of all the planets, both diurnal and annual, can be 
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pViIosophically accounted for, in accordanco with those organic 
^aws of electricity, which have heeu, and may bo ascertained defin- 
*tely, inthe laboratory, in their action upon pith balls or electronie- 
^rs, then will our opinions upon this subject be triumphantly sus- 
Uined beyond the inHuence of cavil, and thoir correctnes incontro- 
^erlibly proven. But, if we shall not ba able to demonstrate such 
•n identity, then will it appear conclusive, that we Inve been indulg- 
ing in philosophical dreams, or baseless cliimcras of the brain. 

What then are the forces, which electricity exerts over pith balls? 
They are two, which, aswe have, heretofore, abundantly 8hown,havo 
iheir basis in the inherent organic laws of this agent, and depend 
alwayfl,for their developement, upon a plus and minu^. 

And what are the two forces, which have ever been supposed to 
govern the motions of ihe planets? Why thoy are, what philosoph- 
ers have denominataed, centrifugal and centripetal forces. The 
meaning of the one is, a tendency to fly from a centie, and that of 
he other, a disposition to seek the centre. Now these terms arc, as 
any one must see, exactly equivalant to attraction and repulsion. — 
Centrifugal is repulsion and centripetal is ^traction. So then, we 
find, that we have to bring to our aid no new forces, if we adopt the 
hypothesis, that the influence of the sunlight upon the solar system, 
is electric, since its two organic forces, correspond exactly to the 
centrifugal and centripetal, of all standard works. 

How then is the diurnal motion of the earth, for instance, prouuced 
upon this hypothesis, taking the movements of this globe for example, 
s'.nce they are more familiar than those of any other planet. Why, sim- 
ply in this manner. The sun illuminates one half of the surface of 
llie globe, while the other half is in darkness. That hemisphere, 
which is in darkness, is relatively minus, when compared with that 
which is illuminated, and so, vice versa, that hemisphere, which is 
under the direct influence of the radiance of the sun, is ' relatively 
plus, while the other is minus. The plus of the one side will i^- 
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crease from mombg until sundown, and the miuud of the other 
^ from sundown until morning. This is in accordance with that tested 
fact, that, if any substance be exposed to an electrifying cause, it be- 
comes plus, and the longer it is exposed to that cause, the morebigo- 
\y plus it becomes, and so, on the contrary, if any substance be re- 
moved from the electiifyiug influence, it becomes minus, and this 
longer it isremoved, the more deeply minus it becomes. Now, what 
b the legitimate result of such a condition of the earth? That part 
of the earth, which has been longest in the suns rays, has come, as 
we have said, to a highly plus or positive state — that is, it has come to 
that state, in which, throughout the torrid regions and part of the 
temperate, there most be am outward outward emanation, which con- 
ititutes a plus or positive, since any substance, exposed, for aoj 
length of time to the electrifying cause, must become positive. 

By an immutable law of electricity, two positives repel. There- 
fore, that part of the earth, which has been longest in the suns rays, 
having come to a positive condition, is repelled by the positive san. 
But that part which has been the longest removed from the direct in- 
fluence of the electrifyflg cause, and has, therefore, come to a deep- 
ly negative condition, would, of course, be attracted by the positive 
eun, since a positive and negative always attract. If this were the 
true principle of the revolution of the earth upon its axis, the plus 
part of the earth must he always rolling atoajf from the sun, while 
the minus part must be always moving towards it, from the fact, that 
two positives always repel, and a positive and a negative always at- 
tract. And this is the case, not with the earth only, but with all 
the planets, which compose the solar system. That part of all of 
them, which has been longest in the suns rays, is always rolling away 
0rom him, while that pait, which has been the longest out of his rays, 
IS always rolling towards him. In producing the rotary motion of the 
earth, then, upon its axis, it is evident that the sun exerts two for- 
ces upon it, the one of attraction and the other of repulsion,, which' 
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>^oakl cause its diurnal revolution, since, if you strike a ballon each 
side with equal force, and in opposite directions, you give it the roll- i 
ing motion. 

The earth, then, revolves on its axis daily, by the influence of the 
two forces of attraction and repulsiqn, exerted over it, by the sun, 
ud Aose are precisely analogous in every renpect. to those of elec- 
tricity. 

If this be not the precise influence, which the sun exerts over the 
aarth, in the production of its diurnal motion, what is that 
iaflaence? It is nniveasaliy acknowledged, that the sun gov- 
ema all the motions of the earth. But, while such an acknowledg- 
ment baa been made, there seems to have been no clear or well defined 
idea, in the minds of those, who have made such an acknowledgment, 
as to what constitutes that ruling power. They have almost univer- 
n\\y taken it for a conceded proposition, that such a ruling power 
of nature controls the movements of this globe of ours , but how it 
exerts snch a control, they seem scarcely to have taken the trouble to 
enquire. 

But, if the sun governs the motions of the ikrth, it governs those 
motions in accordance with uniform, well-defined and immutable 
laws. Now, if any one affirm, that the sun controls the movements 
of the earth, he is bound to explain the principles of that government. 
IfJbc cannot, how does he know thdt there is any such government 
at all. He has no right to assert, that one thing is governed by an- 
other, without he can give some definite reason, or reasons, tchy ho 
draws such a conclusion. Nor has he any right to object to conclu- 
sions, which others have drawn from well defined premises, and 
deductions founded in reason, and sustained by well attested facts. 

We, for instance, have assumed tlie proposition to be true, and 
have endeavored to prove it, that electricity is tlie cause of all at- 
traction and repulsion, upon both a large and small scale, and, con- 
sequently, of all motion among spheres, as well as atom^, and, 
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that Uie BUh is the fountain, whence it originates. As part of a 
connected chain of antecedents and consequeaLs, or of causes and 
effects, we have drawn the legitimate conclusion, from the practical 
results of this theory, that the sun governs the earth and the other 
planets of the solar system by an electric influence. That influenca 
has been tested in the laboratory upon pith balls, and is, therefore, 
acknowledged by all, who pretend to any very extensive attainmeuts. 
in science. 

Now we have shown that the diuma] motion of the earth can he 
produced, by the streams of electrifying sun light, />r«ct5e/y, inac- 
x^ordance with those known and tested and universally acknowledged 
electric influences, which are of every day occurrence, and are famil* 
iar to every schoolboy. And if objections be urged against such 
conclusions, those who urge them, ought, certainly, to be prepared 
to explain the laws, by which the sun governs the earth, more satis- 
factorily and plausibly, or else forever hold their peace, and ac- 
knowledge their incompetency to do it ; for the old stereotyped 
method of explanation, by referring the whole to the influence of the 
centrifugal and centripetal forces, without explaiaiiigViOMj tliose two 
forces are produced, will not answer — will satisfy no enquiring 
mind. 

Feeling the force of tiie deductions, which we have drawn, and; 
seeing the impossibility of denying our conclusions, if our premisses 
be correct, some may by roused, be tlie impulse of their alarmed 
prepossessions, to attack some of those premisses. They may 
deny that the earth becomes minus during the night, .ind, therefore, 
infer that there are no two forces of the kind we have mentioned.— 
But such cennothave investigated the subject at all. The earth is a rapid 
radiator of caloric, and, therefore, when tlie cause of it, is removed, 
it rapidly dissipates. The conseqdence is, that, although the emana- 
tions of caloric are outward from the earth during the day, especially 
in the torrid zone, they are ifiward from the atmosphere to the earth 
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^^ night, as is proven by die deposits of dew, for these deposits re- 
sult from the abstractions, by the minus earth, of the caloric of tlio 
^^por, which was generated in tlie day time, and rose from tlie 
®arth by the force of emanating or plus caloric. The passage of ca- 
loric is, therefore, into the earth, at night, from the surrounding at- 
*iciosphere, and of course, presents its minus polarities, as all inward 
Currents do. This objection lalls, therefore, to the ground, for 
the want of the i^adow of a support, and so would every other ob- 
jection, we believe, because our explanation of the phenomena of 

the revolution of the earth, is in accordance with the immutable laws 
of nature^ 

As we have already remarked, all the other primary planets obey 
the same laws precisely or are governed by the same influences, in 
their rotary motions upon their axis, as the earth. 

An objection may. however, be urged against this conclusion, from 
the fact, that there is no uniformity in the diurnal revolution of those, 
whose notions have been ascertained with certainty, since Venus 
turns on her axis in twenty three hours and twenty minutes, th« 
Earth in twenty three hours and fifty six minutes, Mars in twenty 
four hours and thirty nine minutes, Jupiter in nine hours and fifty five 
minutes, and Saturn in ten hours and sixteen minutes. 

Now, why is there so much dissimilarity in tlie revolution of these 
planets, if there be a common cause for it, and if the laws, which gov- 
ern that common cause, are invariable ? It must be owing to the 
different materials, which compose them, to their different powers 
of radiating caloric, to their different distances from the sun, and 
also, doubtless to their bulk, Venus is some twenty eight 
millions of miles nearer to the sun, than this earth, and its day is 
thirty six minutes longer than ours. Upon the supposition that the 
power or capability of each planet to radiate caloric decreases in ex- 
act proportion as the squares of the distance from the sun increase, 
about which we shall soon remark more at large, then the revolutions 
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of each primary planet would be regulated in exact proportion t^ 
'bulk and distance. 

Tlie dilTerence between the relative distances from the sun of the 
EartJi and Mart), is forty eight millions of miles, and the difference 
between the time of their revolutions is forty-three minutes. Now, 
if we take iho5)e three planets, Venus, the Earth and Mars for data, 
whereupon to make our calculations, we can determine, with mathe- 
matical certainty, whether any other causes, than mere bulk and 
distance, influence tlie rapidity of their revolutions. 

The ditlercnce between the bulk of Venus and the earth, in di- 
ameter, is two hundred and forty miles, between,%eir distances from 
the Fun, is twenty eight millions of miles, and, between the time 
of their revolution, or tlie length of their day, is thirty nine min- 
utes, while the difference between tlie bulkof the Earth and MarSj 
the next plannet, is tliree thousand seven hundred and thirty 
nine miles, between their distances, is forty eight millions of 
miles, au'j their time fprty three minutes. Into this account is to be 
taken, the bulk and influences of the Moon, which the Earth carries 
along with it. 

Without having space to enter into all the miuutia of a mathe- 
matical calculation in the present connection, it is our impression 
that, with these data before us, it can be perfectly demonstrated, that 
the rapidity ofdiurmil revolution depends alone upon bulk an<J dis- 
tance from the sun combined. 

This accounts satis-factorily for the reason, why Jupiter and Saturn 
revolve upon their axis, in less than half the time of the revolution 
of our earth, although the one be tliree hundred and ninety-five mill- 
ions of miles further from the sun than the earth, and the oth- 
er eight hundred and five millions further; — for Jupiter has a diam- 
eter about twelve times as great as our earth, making its bulk mor9 
tlinn a thousand times greater than this planet, besidescarrying with 
il four largo moons, and JSatu.n, exclusive of the weight of his enor- 
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^ou8 rings and seven moons, is nearly six hundred times larger tlian*' 

^ba earth. They may, tlierefure, in exact accordance with our data, 
^th perform their diurnal revolutions in less than half the time of 
our earth. 

Having come, by ouf deductions, to ihe conclusion, that the ra- 
pidity of revolution depends upon the bulk of the planets, and their 
Relative distances from the sun, we would here remark, that, if the 
power or capability of the planets to radiate caloric, decreases, ac- 
cording to the squares of tlieir distance from the great centre of the 
Bjrstem, then, there is a definite cause why tliey all occupy just the 
position they do. Were tliis the case, they could come uo nearer to 
the Bun than they now do, nor could they remove fartlier away from 
it; but must remain just in the position they do at present, and have 
done since creation, so long as their material remains the same, or 
they have the same power of retaining or radiating caloric. 

For, if they should come any nearer, it is evident tliat-they must 
become plus, and so be driven back, by the repulsion of two posi- 
tives. And, if they should recede, further from the centre, they 
would become minus, and so be drawn to the position, whence they 
started by the attraction of a positive and negative. It is perfectly 
evident, then, that the planets are completely ballanced in their or- 
tits. They can neither fly away from them, nor can they be 
drawn into the sun, for the agent, th&t rules tliem, and governs all 
their motions, holds them just where they are, with bonds, which 
cannot be broken, until the final ''wreck of matter, and the crash of 
worlds." Owing to this cause alone, the earth approaches the sun. 
la one part of its orbit, and is driven back in the other, the two 
forces, keeping it ballanced exactly in strict accordance with that 
law of caloric, which has a tendency to keep up an equilibrium? 
throughout nature, 

Having accounted, rationally, for the revolutions of the planets 
♦Voir n^M, upon the principles of electrical attraction and re" 
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pulsion, how shall we account now, lor 'their annual revolutioitt 
around the sun. This, we confess, is a subject much more abstruse, 
and tlie problem is much more difficult to solve. But yet, we be- 
lieve that it is capable of being satisfactorily solved, in accordance 
with the very same electrical principles, which we have ahready fully 
explained and tested. 

But before we proceed to do this, it is necessaiy for as to state a 
few facts, which will aid materially in the solution of this problem. 

Not only do all the planets revolve one way upon their axis, btft 
they all move in one direction around tEte sun. Their motions, al- 
so, decrease in regular proportions and gradations, ais they recede 
from the sun. Mercury, for instance moves in her orbit one hm* 
dred and eleven thousand and ninety miles per hour — Venus eighty- 
©ne tliousand — the Earth sixty-eight thousand^Mars fifty -six thou- 
sand — Jupiter twenty thousand — Saturn, according to Fergusob^ 
eighteu thousand, and Hershel fifteen thousand. 

It will be seen that their'movements are regulated by distance from 
the sun, combined with bulk, and, we believe it to be a proposition 
capable of absolute demonstration, that the decrease of the motion of 
all the planets in their severa 1 orbits, wonld be inexact proportion tc 
the squares of their distances from the sun, if they were all of the 
same bulk and density exactly, taking the present ratio of ^theix 
movements, as correct data from which to draw conclusions; 

Now, then, for the explanatiftn oftlie annual revolutions of the 
planets. The sun seems to turn on his axis once in twenty-five 
days. That may be nothing but a seeming revolution, owing to thft 
movement of its emanations in vast orbits as we have before remark- 
ed, and vvliich would convey that impression to an observer upon 
this globe ; but it may be real. Be that as it may, all the planets 
move the same way that the sun seems to revolve, and therefore-, 
the same way iliat its emanations move in their orbits. 

Now by the influence of the rays of the sun, moving with lightning 
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^eed in their orbital course, must the planets be all moved in one 
direction; since all their movements, both diurnal and annual, are 
governed entirely bj the emanations of the sun, as we have seen.-^ 
This is, doubtless, effected by the amazing influence, which, as we have 
upon a small scale, demonstrated, that opposite polarities have npijif 
^cH dther, in induciug the particles of the electric stream' to' follow 
each other, and to move with them either atoms or masses of pon- 
derable matter. 

"But why, " it maybe a&ked. ''does not this tendency of elec- 
tricity to control both atoms and masses of ponderable matter, drag 
theni outward, exactly in the line of the course of its orbital move- 
ments? ** Because, as we have seeo, if they were moved outward 
from their pre8em''position, they must become immediately minus, 
and be drawn back by thiB positive sun. Besides, were not this the 
case, the inward passage of the electric rays, in their return, as we 
have before explained, to their source, the sun, being with a light- 
ning speed, as rapid as their outward emanation, may have a ten- 
dency, somehow^ to neutralize the tangential force, and, at the same 
time, aid in the propulsion of the planets in theii orbits, as the pro* 
pelling force, if they have any, would be in the right direction. 

The eccentric movements of the comets are produced by the 
Operation of the same laws, as the movements of the planets. In' 
the most distant part of their orbit, a thousand millions of miles, 
perhaps, from the suh, or even more, these wandering stars move 
Very slow, and in the arc of a circle almost immeasurable, havmg 
rtst theii" charge of caloric, afid become minus. The sun, being 
positive, and they deeply negative, it begins to exert an attracting 
influence over them. As tliat attraction increases, continually, in 
proportion, as the squares of the distanfce decrease, they move 
swifter and swifter, until.as they approach the sun, they sometimes 
fly more than eight hundred thousand mites in an hour. At their 
perihelion, they are very near the sun, and becom* highly positive, 
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MM ihij reToWe ImIT nmsd ia tu intense blase, and are propelie<l 
Wck a^ain into tke fields of spaee with the same lightning speed, 
thai they were atncled towards the great Ibant of all motion. 

In Tiew of what has been said in the preceding series of lectures; 
kiow wonderfal is the subject of electricity^how yarioos and how 
ma^acal ai« its agencies f It streams down in the Fivi/jingrajs 
of the sun— quickens and invigorates the sluggish pulsations ot 
aatnie — preserres the warmth of vitality — works all the countless mj- 
riads of chemical changes— clothes the cheek with the blush of health 
— 5pYejids a rich car2>et of green over the landscape— dresses the for« 
est in its foliage, and hss. no doubt, a direct agency, in the produc> 
lion and continnance of all the forms of both animal and Tegetable 
fife- 
But dhcre 13 a rererse to this picture. Not always does it, in the 
exhibition of its wondrous phenomena, put on an aspect of such 
blandness and genial benevolence, wreathing itself in sunny smiles. 
No ! lu countenance sometimes gathers either mysterious gran- 
deur or terri^ tearfulness^. Sometimes it streams upward from the 
pole^ in splendid conruscatiocs, and weaves a bright coronal of 
ambent light at the zenith. Sometimes it exhibits itself in the ef- 
6tlgence and evanescence of the metedrs fiash, and the meteoric 
«hovrer. Sometimes it leaps out from the da rk foldings of the storm- 
cloud, darts downward through the gleaming tempest, and, with a 
fmiM energy, which none else but God can wield, blasts every 
iftuBg it toudies. Sometimes it flames athwart the heaveo% in the' 
tnul of the comet, as it speeds its erratic and lightning course', and 
HAkesthe nations pale with forebodings. Sometimes it assumes 
llie port, and majesty and terror of the burning whirlwind — rushes' 
forth upon the red wing of the Syroc, and sweeps with desolation-, 
the hot plains of Zahara. Sometimes it musters its almost omnipo. 
UQt force in the deep csiTems of the earths centre, and makes the 
ciobe tr«uible and reel beneath the tramp of the earthquake, aiid 
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meltflrocki, and poors riven of lava from the craters month, aii4 
bnrliB enormoiis masses of blazing matter above the clonds, and np 
heaves mountains from the depths of the ocean and piles them in tl^^ 
sky. Sach are some of the wonderful agencies of electricity. 
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SlIBJECTS-'ANmill M4GNETISM— THE MIND IMMATERUl. 



In the closing lecture of a course which has been dgvoted exclu- 
sively to the subject of elctricity, and its multiform agencies, a pa»s- 
ing notice of the mysterious subject of Animal Magnetism, and the 
Immateriality of mind, could not, very appropriately, be omitted, since 
they both have a connection, of some sort, with the subjecta^ that 
have been discussed. 

On the one hand, it has been stoutly deniei^ by some, that Animal 
Magnetism is any thing more or less, than an arrant htmibug ; and, 
on Uie other, it has been, as stoutly affirmed, by a few, that mkid is 
an imponderable material, or electricity exhibiting one of its ten 
thousand modifications. Now, our object will be, in a very brief 
manner, to prove that these two classes of individuals s^re entirely in- 
correct in their opinions. Animal Magnetism is not humbug, how 
much soever it may be sneered at, nor is mind material. ' 

It might be expected that, in this connection, we' should give a his- 
tory of the first discovery of Animal Magnetism by Mesmer, and trace 
its rise and progress to the present. But we shall omit this, for want 
of room, deeming it, al^o, unnecessary, since it is so generally 
known. 

To prove that Animal Magnetism is no humbug, we shall first 
state what we have seen under circumstances, where there could pos- 
sibly be no collusion, no mistake, nor deception. 
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We have seen a deaf and dumb boy, about Uiirteen or fourteen 
ycanofage,unknowntothe magnetiser, and having had no previ- 
ous connection with him, placed upon a stage before an audience, 
tkere exposed to the steady gaze of the magnetiser for a few minutes, 
and, while he was looking about upon the audience, with a smile of 
Wonderment at what was passing, we have seen hun suddenly fall 
asleep. Afler being put in this magnetic condition, , we have seen 
kim phrenologically affected by the magnetiser, in a rariiety of ways, 
akhoogh it was utterly impossible that the boy should have known. 
miy thing about phrenology, or, indeed, any other science. Wheik 
the developement of Benevolence was touched, he exhibited all the 
known indications of an extremely charitable disposition^— when Ac- 
quisitiveness was affected by the magnetiser, he exhibited selfish and* 
miserly dispositions, directly the reverse of the former, and when 
the organ of Motion was touched, he danced about the stage very 
nimbly. 

We have seen the whole system catalepsized, and rendered rigid 
aimost as marble. We have seen the eyes. In particular, so paral- 
alised, when wide open, that they would appear glassy and star- 
ing, like those of a wax figure, and., in that condition, we have 
seen a bright lamp held' directly before the eye, without causing a 
wink, or the movement of a mtrscle, which proved conclusively, 
that there could be no deception, since no man, with his eyes open, 
and awake,^ could possibly so control his muscles. 

We have seen a person put into the magnetic sleep, and, in that 
Qoodition have seen the attempt made, before a large audience, 
to extract a tooth-^have heard it broken off with a snap, which re 
sounded through the room — have seen the root dug out after- 
wards, and all this, without a single scowl or the movement of a 
muscle, or a single sigh, or groan, or symptom of pain. The brow 
of the sleeper was as calm and smooth during the whole operar 
tipn^ as that of a sleep mg infant. 
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Persons have been put into the magnetic sleep, and their eyes 
cauterized with lunar caustic, widiout the starting of a tear, while 
iu tliat condition, or a wink, or tlie convulsion of a muacle; and, 
even, it is well authenticated, that limbs have been amputated, 
while in the state of mesmeric unconciousness. 

IVow, what eoiidusions sliould we draw fron^ all these &ets?— 
Shall we, with dogged pertinacity in unreasonable scepticism, deqr 
the evidence oCWr senses ? What other medium of ascertaining'iaotfl 
have we, tlian our senses, and, if we deny their evidence, do we not 
ibereby, discredit the very sources of all our knowledge? Those, 
wko disbelieve the evidence of their own senses, are the hnmbog* 
ged instead of those, who trust in it. Animal Magnetismr theii; \» 
a 3uhiime science, instead of being a miserable delusion. 

The following extract from a letter of John Neal Esq., of Portland, 
Maine, to the Rev, Mr. Pierpoint of Boston, Mass. is very appro- 
priate in this connection. 

"Seeing is believing, witn most people. With me, it is not.*^ 
Notwithstanding my respect for my own eyes, and other 8ense84 
am not willing to believe, in all cases, according to their tebtimony' 
If Idid, I 8houl4believe that a straight stick becomes crooked by 
thrusting it into the water *, and tliat men may swallow half-pence 
by the handful, or, perhaps thrust themselves inside out^and back 
again at pleasure. 

But while, on the one hand, I do not believe, merely boeause I see^ 
or think I see ; on the other hand I dare not disbdievef because I don't 
see. In other words, I do not presume to disbelieve what I cannot 
undersland nor explain; for the same reason that I do not bdieve. al- 
ways, and at all times, according to appearances. 

Thus much to prepare you for the following, which I offer as a 
brief statement of facts. Five years ago, 1 was neitlier a beJiever 
nor a disbeliever in animal magnetism — or mesmerism. The simple 
truth is that I knew nothing about it. I had swallowed the report of 
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Dr. Franklin^ bad never met with tlie protest of Jeacieu — and, like 
moat people, who had no reaaon for diatruat, or disquietude, I had 
taken it for granted, tJiat Meamer waa a madman, or a knave, and hia 
diaciplea and believers, just of a piece with their master. Observe 
-<r>I do not say that I beUeved this ; but I had become poasesaed of a 
sort of notion, that such was the historical ftct. About this time, I 
went to Providence, with a view of satisfying ntyaefT about afeesmer- 
iapii just aa I ahould have gone to Salem, in othejL^ija, to satisfy 
myaeli about witchcraft — to Providence, Rhode Island, I mean. 

There, I entered into the inquiry patiently and carefully, and with- 
a sort of professional anxiety to expose a miaorable delnaion. Bat I 
came away persuaded of the truth. I did not go to sooff— nor did 1 
come away to pray. But I went to satisfy myself respecting what, 
^'true, was likely to open to us new views of the iiQmaterial world. 
And, I came away, thoroughly convinced, that aAer allowing what 
you please for mistake, impostiire, sympathy and imagination, there 
was at the bottom truth enough, and most alarming and important 
^th, to satisfy any reasonable inquirer, and to make further investi- 
gations a duty, 

I did make further investigations. I tried experiments upon mj 
pwn family — asleep and awoke : in sickness and in health ; and up - 
on others : taking care that the subject I operated upon, ahould never 
know lohat teas expected of him — or of her. Having produced many 
of the the nmpler phenomena — I stopped, afraid of tampering with 
the brains of healthy subjects, and I was not willing, with my limit- 
ed knowledge of the science, to proceed further with the diseased, 
^n might be desirable for immediate relief. I liad produced a mag- 
netic sleep, more or less profound, in several ; cured the severest 
headaches, pains of the side, &c.. &c., and on one occasion, the on- 
ly time I ever make the atti'mpt, had succeeded in affecting th^ 
stomach and*bowels of a child, lying half asleep on the sofa. 

I bad seen cases of clairvoyance ; but, though inexplicable, and a:« 
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MMoptaied bj itnuig* co'mc'MJfarei, dwj wcvt woi 
M!m aware now, that, aa it u with aU tlrwagen to thcaa i—ip a lfc uoaa. 
L had axpeeted too modi, aomething dilfereBt firooa wiMt iMppoae^. 
Ueoee I wa4 diaoppo mted. There waa no oppoftnoitj tm coHobob: 
aad there were manj ^ilorea; hot atiU (asw eooogh tacosTinee me 
that there waa m aort oTapiritool riaioii — diadiibed, to bo 
icerj indiatuiet^— fike that ofa dreamer who neea thiogo 
b|U atiUa viaiMmhot might be tamed to good aeconat, after we 
jlbonld hare become familiar with the conditiona opoii wkieh it ia- 
. ^Mreiaed. 

That (ailarea oceorred ; that morttfieatioiia haopeiied';. fiuhiree 
whieh the manipalatofji and leetorera coald- not dieBBs^Tes aeeovot 
fqr; roortificatioiia^ that were lihelj to throw an air of borieoqiie orer 
the whole anbject, and completelf onfit the leetorera for perform- 
ing, and the pohtiefrom judging, did not diaeoarage me. For joat 
wch thinga had oeearred wilh Franklin, and with Gelvani — with, 
electrici^, and with Galraniam. Unacconntable faihirea Happened 
to \Qiky which neither conld explain till the conditions of the atmos- 
phere and thecabjeet, were better aoderstood. It waa enough fop 
nfif if aQy one experiment waa aaceessfitl— fairly conducted'— and in- 
oapable of being explained bj any known lawa, that F happened to be? 
acquainted with—althong^ ten thQUsaod failures preceded or follow^ 
^d it. Meanwhile J^ continued ray inTeatigations. 

Briefly, therefore, allow me to state that I entertain lib doubt rer 
apecting the prodigious augmentation of strength, in die patient, at 
the will of the operator; respecting the clanroyance of the subject ; 
respecting his power of peredving without the use o^ia eyes , of 
tasting and feeling; with the ofgans of another; of the communica- 
tion by tnll between the iterator and-the subject, without language, 
sign or touch ; of the reality of the mesmeric sleep ; of the power ia> 
a sleeper of seeing objects at a distance — ^perhaps at any distance— 
i^c any doubt respecting any one class of the phenomena 8up;g^osed-tQ^ 
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ftccotppapy the meanieric manifedtations. All this I believe, jugjt as 
oiiich as I believe in galvanism, electricity, pneumatics, or the pow. 
ers of the alphabet ; and upon precisely the same evidenc.e , that u 
upon the evidence.of my senses — aAer long and patient examination:) 
with all the powers of my understanding ; after numberless experi- 
DgientSi conducted with the greatest possible care, and under citcum- 
Btances, where trusting to nobody but myseK, there was no opportu.- 
tiity for collusion, a^id — as I conscientiously believe — none for mis- 
take or imposture. 

As I heartily a^tprove the object of Dr. Collyer in establishing bi4 
Magazine, I have no sort of objection to the use I understand he de? 
sires to make of my testimony in the matter.'' 

Taking it for granted, that Animal Magnetism is real, and no trick 
or legerdemain, practiced to delude the credulous, what is the real 
agent that performs these wonders ? What forms that chain of com- 
Qiunication between the magnetiser, and the magnetised, by which 
the one can paralyze the muscles of the other, put him into a deep 
magnetic sleep, or controul his motions, by means of certain mauip • 
illations, or, by simple simply looking at him ; for there certainly 
must be a chain of communication of some sort, or there would be 
HO such effects as we witness. We believe that this chain is forme(i( 
by dectridttfy which is infused by the raagnetizer into the system of 
the magnetized. What else is it— what else can it be? It certainly 
must be soAe agent. For never was there an effect without a cause, 
and electricity id the only agent known to up, whose operations 
would indicate, that it is capable of producing such surprizing results. 
But how is it communicated? A solution to this' problem can be 
found by examining the influence which mind exerts over imponder- 
able matter. 

What is the communicating agent between mind and the muscles 
of ones own system, for instance, by which the muscles obey the dic- 
tate of the will? Animal electricity doubtles:», which, as we have 
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seen, i« inhaled with the oxygeb, and which resides in the brain and 
nervous sjstem : for these are nothing bat a vast congeries of very 
fine blood vessels, and this would, therefore, not clash with the prop- 
osition, that electricity resides in the blood. When we will to ex- 
tend an arm. the animal electricity obeys the dictate of mind, and ir- 
ritates the extendii^ mascles ap that they perform the work they 
were bidden. 

Now, by this power, vhich the mind can exert prer the impon- 
derable principle, the magnetizer is enabled, by an energetic and 
concentrated effort of his wiH, to send the electricity of his own syS' 
tem into the system of another, and produce by the continued action 
of the will over the mysterious agent, all the pheiMmena, which \v« 
'A'ttness in magnetic somnaxnbnlism. 

This anini!il electricrty is, therefore, not mind, as some would af- 
firm. Itexhilnts no governing will of its own, nor does it manifest 
thnnght or design in any department of its operations. But is un 
der the control entirely of mind^ or wilL in obedience with its own 
organic law;*: for, where it i:? not controled by man, it does the work 
wf Deity and is governed bv the will of the GREAT ETERNAL 
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, Note. — Some important matter, which liad been promised in the introdac- 
tbry, and in other places, in the forgoing series of lectures, has, owing to cer- 
tain arrangements, which we need not specify, been omitted neeessmily, and 
some of the latter part has been curtailed, more than was designed at the 
commencement, and during the progress of the work. Among the omissions 
is that of a vocabulary, the cause of the revolutions of the moon, as reconciled 
with our theory, a more extended notice of electric Pathology, of Animal 
Magnetism, and of the Immateriality of mind. Yet, we think that no omissions 
have been made, which will essentially impair the work. Should a second 
edition ever be cuMfid for, they can be embodied in it 



